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ABSTRACT
This study evaluated the cognitive benefits and costs o f incorporating biologytextbook and student-generated photographic images into the learning and assessment
processes within a 10th grade biology classroom. The study implemented Wandersee’s
(2000) 20-Q Model o f Image-Based Biology Test-Item Design (20-Q Model) to explore
the use o f photographic images to assess students’ understanding o f complex biological
processes. A thorough review o f the students’ textbook using ScanMaster II with PC
Interface was also conducted. The photographs, diagrams, and other representations
found in the textbook were measured to determine the percentage o f each graphic
depicted in the book and comparisons were made to the text.
The theoretical framework that guided the research included Human
Constructivist tenets espoused by Mintzes, Wandersee and Novak (2000). Physiological
and cognitive factors o f images and image-based learning as described by Robin (1992),
So Iso (1997) and Wandersee (2000) were examined. Qualitative case study design
presented by Yin (1994), Denzin and Lincoln (1994) was applied and data were
collected through interviews, observations, student activities, student and school artifacts
and Scale Master II* measurements.
The results o f the study indicate that although 24% o f the high school biology
textbook is devoted to photographic images which contribute significantly to textbook
cost, the teacher and students paid little attention to photographic images other than as
aesthetic elements for creating biological ambiance, wasting valuable opportunities for
learning. The analysis o f the photographs corroborated findings published by the
Association American Association for the Advancement of Science that indicated “While
ix
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most o f the books are lavishly illustrated, these representations are rarely helpful,
because they are too abstract, needlessly complicated, or inadequately explained”
(Roseman, 2000, p. 2). The findings also indicate that applying the 20-Q Model to
photographs in biology textbooks can (a) effectively assess students’ understanding of
complex biological concepts, (b) offer alternative assessment strategies that complement
individual learning styles, (c) identify misconceptions, and (d) encourage students to
practice metacognition. In addition, once students have learned how to interpret
textbook images, application o f that knowledge through self-generated biologically
relevant digital or print images provides opportunities for increased conceptual
understanding.

x
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INTRODUCTION
This study explores the photographic awareness of high school biology students,
investigates the benefits and costs o f using biology-textbook and student-generated
photographic images to assess students’ understandings o f complex biological concepts,
and provides insights into the nature of learning within a Human Constructivist
paradigm. Students’ capacities to understand biological processes and concepts depicted
in photographs using questions from Wandersee’s (2000) 20-Q Model of Image-Based
Biology Test-Item (20-Q Model) are examined. Biology: The Dynamics o f Life, a
popular high school textbook published in 1995 by Glencoe Publishing, was reviewed to
determine the percentages o f the various types of graphics depicted in each unit o f the
textbook. After students became comfortable analyzing textbook photographs they were
provided digital cameras to take images o f objects or scenes around the school grounds.
The students described the biological significance o f selected images to class members.
Wandersee (2000) contends that biology is one o f the most visual o f all the
sciences, and although images in biology textbooks and research articles abound to help
describe the natural phenomena explained in the accompanying text, biology tests usually
do not include images to assist in probing student understanding.
Can it be that we have been trying to assess what biology students know in ways
that do not coincide with the thought processes, practices, and values held by
those who actually work within the domain o f biology? Can it be that sometimes
our students really understand the very concepts and principles we are probing,
but our verbal probes are unable to detect this understanding or do not activate
the same kind o f responses as visual probes might? (Wandersee, 2000,
pp. 129-130)
Wandersee asks some important questions that have significant implications for
learning. Leveraging the images found in textbooks provide open-ended assessment
I
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opportunities that encourage students to apply what they have learned in unique
contexts, compatible with their learning styles. The inquiries engage students in self*
reflection and inform both the teacher and the learner. As a result, the assessment itself
becomes a productive learning experience.
Robin (1992) describes the value o f images as having the ability to “impart the
scientist’s objectives in startlingly direct ways” (p. 9). He characterized Aristotle as an
acute observer who believed that one couldn’t think without producing images. Robin’s
remarks capture the essence o f the power o f images to encourage scientific thinking:
Images trigger an internal motion: the deliberate perusal o f the elements in a
picture. By seeing into the picture, the viewer transforms the static image into an
active intellectual experience.. .understanding the content o f a scientific
illustration requires some description o f the phenomenon to be
studied...unlocking the meaning can bring about the exhilaration o f a shared
intellectual passion, a passion that has animated the scientific community
throughout the history o f mankind. It may lead to new ways of understanding
some aspect o f ourselves and the world in which we live. (p. 9)
One o f the tenets o f standards-based teaching and learning in science is to encourage
students to view themselves as scientists. Using the same skills and practices scientists
employ to formulate questions about phenomena assists students in learning how to
“think like a scientist” and develop critical thinking skills. Photographs provide a
medium that offers unique opportunities for students to practice and develop these skills.
The theoretical framework and review o f the literature for this research revolve
around the interrelated aspects o f learning, which, according to current cognitive theory,
demand instructional and assessment practices that are very different from those that are
espoused by associationist and behaviorist psychologists that are present in today’s
traditional schools. In addition to historical science education considerations, the study

2
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will examine (a) cognitive theory and its relationship to constructivist teaching, learning
and assessment, (b) visual perception and cognition, (c) image-based learning, and (d)
qualitative research methods.
A qualitative case study research design was chosen to offer contextual
understanding o f the events that occurred and implications for student learning.
Qualitative research provides multiple methods o f gathering data, situates the study
within its context, and is compatible with Human Constructivist beliefs and practices
which are based on making meaning. Comparing qualitative research as a bricolage, and
the researcher as a bricoleur, Denzin and Lincoln (1994) explain that the “bricoleur
produces a bricolage, that is a pieced-together, close-knit set o f practices that provide
solutions to a problem in a concrete situation” (p. 2). They refer to qualitative research
as an emerging construction “that changes and takes new forms as different tools,
methods, and techniques are added to the puzzle” (p. 2).
There have been limited studies conducted exploring the use of textbook
photographs in the teaming process. Mulcahy and Samuels (1987) traced the evolution
o f American textbook illustrations over the past three hundred years and found that
illustrations were closely connected to societal mores. Their research primarily focused
on the use o f illustrations and indicated that regardless o f the century, the illustrations
were included to be aesthetically pleasing “to motivate the young reader, to increase the
learner’s curiosity, to appeal to the reader” (p. 47) and not to augment teaming.
Evans, Watson and Willows (1987) conducted an exhaustive review of
illustrations in reading, mathematics and science textbooks. They examined quantity,
quality, type, complexity and location o f the illustrations as well as teachers’ instructional
3
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use o f the illustrations to determine publishers* rationale for including the illustrations in
the publications. The researchers found that publishers were most concerned with
producing an attractive textbook and teachers generally did not use the illustrations to
enhance learning.
In most biology classrooms today, textbooks are the primary source of
information, and may in fact constitute the curriculum. While biology textbooks contain
many photographs that offer opportunities for inquiry and rich, productive learning
experiences, the photographs are seldom used to either enhance or assess learning, and
valuable opportunities for learning may be overlooked. In addition, advances in digital
photography and computer technology are providing innovative methods for educators
to easily incorporate photographs in their classroom instruction and assessments to
increase student learning.
Photographs “serve as a shared workspace” and include “the imagery necessary
to anchor relevant concepts, principles, and theory in long-term memory” (Wandersee,
2000, p. 132). This study applied the 20-Q Model within the context o f students’ lived
experiences in the classroom to provide empirical evidence that using photographs with
students to probe their thinking and biological conceptual understandings may
significantly improve learning. An overview o f the study in the form of Gowin’s
Epistomological V is found below. In addition to the foci and events o f the research, the
diagram illustrates both the conceptual (thinking) and methodological (doing)
approaches to the study.

4
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Research Qaestioas
What we some cuttcM classroom practices in regards to using
photographic inages to enhincc student learning?
What proportion of the biology text is devoted k) photographic
images versus proportion ofclass time allocated to the images?

Conceptual/Theoretical

How do students respond to using photographic
images to probe their drinking about

Vahe Claims

World Views
•Traditional teaching and learning practices
are prevalent in today’s classrooms.
•Conceptual understanding of biological
processes improves student learning.
•Photographs are included in textbooks far
aesthetic value and do not contribute sig
nificantly to student learning.
PhUeaophy/EpistoaMlogy
•l earning is enhanced when it is meaningful and
builds upon prior knowledge.
•Photographs can provide opportunities Id enhance
learning and assess understanding.

Methodological

•Photographs provide rich, contextual
learning and asKSHnentopportunities.
•Student-generated photographs motivate
students and impact learning
• Wandersee’s 20-Q Model assesses students’
knowledge and uadet sanding of important
btologrcal concepts.
•Accurate assessment ofstudents' conceptual
understanding ofbiological processes provides
valuable information to teachers and students.
How do

Theories
•Constructivist Teaching and Learning
•Human Constructivism
•Visual Perception and Cognition
•Information Processing
•Dual Coding

o f the bio-

Principles
•Learners possess different strengths.
•Leveraging strengths enhances learning.
•Applying knowledge to new situationa essential
•Practicing metacognitive strategies
•Wattdersee’s 20-Q Model oflmage-Based Biology Test
Item Design effectively assesses studraf anderstandmg
•Photographs ofler many opportunities for teaming and
assessing student knowledge and undemanding

Knnwkdge Claims
•Biology textbooks contain art abundance (24%) of
photographs that can serve to hone critical thinking
thills.
•Human Constructivism approaches to teaching and
learning help students construct meaningful under
standings.
•Physiological processes ate important to learning
•The 20-Q Model effectively
-probes students’ dunking and assesses students’
undemanding o f complex biological concepts,
•offers alternative assessment strategies that
complement individual learning styles.
—
identifies nusconceptious.
-encourages studentito practice metacognition.
•Once students have learned how to interpret textbook
images, application of that knowledge though
9dPgenerated biologically relevant digital or print
images provides opportunities for increased conceptual

Conatrscts
•Asaessing knowledge Hid nnitrrUenihag is a complex
process involving individual generation and application.
Concepts
•Biology is a highly visual
•Photographs depict numerous
biological concepts.
•Interpretation ofbioiogical
processes is learner-specific and
openeaded.
•Accurate assessment of
information assists teachers in
re-directing teaching
•Students asaessing their own
undem anding is critical to the

•Images are included to help explain difficult concepts
•Graphs depict percentages of text versus images within
•-*-•- — .

. a , , , i-

* DMMOgynuDOOK.
•Tables describe student responses to probing questions.
Events and /nr Objects
»Tablcs also provide demographic information.
•Students in a tenth-grade biology classroom in
a rural, Mississippi Delta high school were
Records
observed over a five-week period.
Students’:
•Students responded to pro- and poto-study
•responses to pre/post interviews,
interview questions.
•behavioral raponses to schooling,
•Students answered questions about then
•artifacts, Le, writing samples, visual
textbook photographs bated on Wandersee’s
20-Q Model to
•conceptual understanding of biology through
dr trripi was/dm uiswtH
•Students practiced metacognitioa by using the .photograph taken of biologically relevant
20-Q Model to prompt their thinking.
subjects and explained.
•Students applied new knowledge by taking
their own photographs ofbiologically-rclcvant
objects/scenes.

Figure I. The Knowledge Vee o f the Research
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Research Questions
1. What are some current classroom practices in regards to using photographic images
to enhance student learning?
2. What proportion o f the biology text is devoted to photographic images versus
proportion of class time allocated to the images?
3. How do students respond to using photographic images to probe their thinking about
and understanding of concepts?
4. How effective are photographic images as tools for determining student
understanding?
5. How do photographic images complement or interfere with accompanying text?
6. How do students examine a photographic image, organize their thoughts about it,
and then construct a graphical representation of the biological processes depicted?

6
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THEORETICAL FRAMEWORK AND
REVIEW OF THE LITERATURE
Historical Overview o f Science Education Reform
Science education reform in the United States during the latter half o f the 20th
Century was remarkably controversial. Reform movements have been driven primarily
by social issues and have “resulted in large-scale, cyclical, and at times disruptive shifts in
curricular emphases and instructional practices” (Mintzes, Wandersee, & Novak, 1998,
p. xvii). While the Russian’s launching o f Sputnik in the 1950s served to make
Americans more aware o f the importance of technology in maintaining national status,
and more emphasis was placed on science and mathematics education, little attention
was paid to implementing policies or providing mechanisms to support and sustain
reform efforts (Bybee, 1997).
In the early 1980s, declining SAT scores and poor performance o f high school
students in international comparisons prompted the development o f the National
Commission on Excellence in Education’s report, A Nation at Risk, making leaders in
education more aware of the necessity for change in instructional practices (Murray,
1992). In response to this report, the American Association for the Advancement o f
Science published Science for All Americans in 1989, followed by Benchmarks for
Science Literacy in 1993. Both o f these publications served as catalysts for the science
community to examine current practices in the teaching o f science. A more recent
publication released by the National Research Council in 19%, the National Science
Education Standards incorporates many o f the ideas presented in these two books, white
providing a framework for what students should know and be able to do at various levels

7
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within grades K-12. The Standards advocate a program o f study based on constructivist
learning methods that encourage development o f conceptual understanding through
inquiry.
Despite interest at the national level to improve student achievement in science,
incorporation of effective, standards-based instructional practices has not been
universally accepted. The lack o f a well-defined national curriculum, power structures o f
educational systems steeped in tradition, and poor leadership have stifled reform efforts.
The Third International Mathematics and Science Study (TIMSS) found that most
American classrooms still adhere to traditional means of educating students. “Postwar
science education reveals little evidence o f significant or sustained change in classroom
practices.. .the past fifty years have witnessed only limited success in improving science
education” (Bybee, 1997, p. 24).
Implications of TIMSS
The TIMSS, sponsored by the International Association for the Evaluation o f
Educational Achievement, found that American students are performing at mediocre
levels o f competencies in math and science when compared to their counterparts
throughout the world. The TIMSS research project, one of the most comprehensive
studies o f comparative educational achievement ever undertaken, tested 500,000
students from 41 countries representing five different grade levels for comparisons of
mathematics and science achievement. “Intensive studies o f students, teachers, schools,
curriculum, instruction, and policy issues were also carried out to understand the
educational context in which learning takes place” (National Center for Education

g
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Statistics, p. 13). Critical reviews by the research community o f the data collection and
analysis strategies used for the study have generally been favorable (Schmidt, 19%).
The TIMSS researchers found that teachers in the United States often teach for
direct transfer o f knowledge while trying to cover the wealth o f information in the “milewide, inch-deep” (Schmidt, 19%) curriculum provided to them by their districts. For
example, the breadth o f eighth grade science textbooks includes 65 separate topics with
little attention given to having students make cognitive connections between the various
topics. In contrast, only seven or eight “big ideas” are introduced during eighth grade in
countries outperforming the United States, and emphasis is placed on conceptual
understanding, not memorization o f factual information.
Fundamental differences in teaching philosophies were uncovered in the TIMSS
study. When American teachers were asked to list the most important attributes of
learning, most listed acquiring a particular skill, solving a specific problem, or using a
standard formula to solve problems as their major goals, whereas teachers in countries
outperforming the United States indicated that having students think about and
understand concepts were their primary concerns.
The Glenn Commission Report
In July 1999 the Glenn Commission, a blue ribbon committee under the direction
o f former Secretary o f Education, Richard Riley, was convened to address issues and
concerns in mathematics and science education. Their charge was to “set the stage for
advancement in mathematics and science for the next thirty years” (Glenn, 2000, p. 2).
The commission included teachers, administrators, policy-makers, CEOs, teacher union
presidents, college presidents, representatives from the National Science Foundation,
9
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National Academy o f Sciences and others, all working under Chairman John Glenn to
produce a plan of action.
The report, Before It’s Too Late (National Commission on Mathematics and
Science Teaching for the 21st Century, 2000), details an array of educational issues the
authors believe must be carefully examined and thoughtfully responded to if current
mathematics and science education practices are to be reformed. Citing the TIMSS
report and disappointing scores on the National Assessment of Educational Progress,
where “less than one-third o f all U.S. students in grades 4,8 , and 12 performed at or
above the ‘Proficient’ achievement level in mathematics and science” (p. 11), the report
defines a number o f problems and possible solutions.
The report also includes the caveat that despite incredible growth in knowledge
and understanding, “teaching methods in mathematics and science classes have remained
virtually unchanged. Classroom practice has still hardly begun to capitalize on the many
dimensions of the learning process” (p. 20).
Traditional Teaching and Learning
According to these recent studies, the vestiges o f the industrialization era are
entrenched in United States schools today. Direct transfer o f knowledge from teacher
to student in the United States using traditional teaching methods is still the most
preferred, and accepted as the most efficient, method o f teaching. With so much
disjointed content to “cover,” many educators believe it is the only way to complete the
curriculum requirements, and because this is the way most practitioners and policy
makers were taught, it is difficult to break the cycle. They memorized vast amounts of
factual information in school, were quite successful, and do not recognize that the
10
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information explosion and significant changes in society mandate educational change to
meet the needs of today’s learners.
Traditional teaching practice “attempts to transmit to learners concepts which are
precise and unambiguous, using language capable o f transferring ideas from expert to
novice (teacher to student) with precision” (Carr, et al., 1994, p. 147). And, as stated
by Gardner (1985), “...individuals are seen as passive reflectors o f various forces and
factors in their environment” (p. 219).
Roth (1994) describes this approach as following rigid, prescribed methods of
teaching. Students tend to gather and record information “without a clear sense of the
purposes, procedures, and their interconnections. These tasks have low cognitive
demands and provide a context that precludes reflective thought” (p. 198).
Constructivist Teaching and Learning
The notion of direct transfer o f knowledge to passive, yet receptive learners, is in
conflict with current reform efforts that advocate the use o f constructivist learning
strategies to assist in conceptual understanding. “Constructivism is not a theory about
teaching. It's a theory about knowledge and learning” (Fosnot, 1993, p. vii).
The constructivist paradigm considers science as a human and social construct
(Watts, 1994) rather than one that situates learning out of context and in isolation. It is a
process of knowledge generation where learning is viewed as an individual’s personal
construction o f meaning within a social context (Newman, Griffin & Cole, 1993).
Meaning is built upon the framework o f prior knowledge and transformed through peer
and teacher negotiations. Learning is never complete and is always in a state o f flux
(Fensham, 1994).

11
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Rather than merely “covering the content” where information is presented
through lecture coupled with memorization o f factual information, constructivist inquiry
provides opportunities for students to actively participate in constructing their own
knowledge. Through constructivist learning methods, students are engaged in the
“doing” o f science and are encouraged to explore multiple possibilities and determine
meaning through linkages across concepts and between new knowledge and prior
knowledge. “In the constructivist approach we look not for what students can repeat,
but for what they can generate, demonstrate, and exhibit” (Brooks & Brooks, 1993,
p. 16). Learners are considered active agents in the process o f knowledge construction
(Resnick & Klopfer, 1989).
Resnick (1989) posits that traditional instructional theory makes the assumption
that skills and knowledge can be separated into isolated segments and still continue to
function in the same manner regardless of their contextual usage. This “building-ffomthe-bottom approach... characterizes most current school and technical instruction”
(Resnick, 1989, p. 3). Complexity is initially avoided so that these segments, usually
facts or basic elements, may be learned and combined at a later date without,
presumably, much difficulty. The basic premise is, that once these facts are known,
learners can then combine them and build more complex understandings o f skills and
concepts.
Resnick (1989) enumerates several reasons why this bottom-up strategy limits
sense-making: (a) the human mind’s capacity for storing isolated facts is limited,
therefore knowledge must be enmeshed within a framework that makes sense to the
learner, (b) skills and knowledge are not relegated to independent constructs; they are
12
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embedded within the contexts they are used, and (c) these contexts include the social,
mental and physical realms o f the environment.
First, learning is a process o f knowledge construction, not of knowledge
recording or absorption. Second, learning is knowledge-dependent; people use
current knowledge to construct new knowledge. Third, learning is highly tuned
to the situation in which it takes place. (Resnick, 1989, p. 1)
Knowledge construction, knowledge dependency, and situated knowledge are
theoretically and philosophically based on the works o f Kant (Hawkins, 1994), Dewey,
Piaget, and Vygotsky (Teets & Starnes, 1996).
Knowledge Construction
Although constructivist learning has its roots in the example o f Socrates teaching
the slave boy (Hawkins, 1994), Immanuel Kant was "the first major precursor" (p. 9) o f
constructivist theory in modem times. In The Critique of Pure Reason (1983) Kant
proposed that knowledge is constructed from observational experience. In other words,
all knowledge must rest on judgments that are “a priori” (WQkerson, 1976). Wilkerson
(1976) states that Kant was essentially exploring the question, What are the necessary
conditions o f a possible experience? Kant “insists that knowledge is possible only
through the cooperation o f both understanding and sensibility, ofboth our intellectual
faculty and our senses. We must have both a relevant concept and a relevant intuition”
(Wilkerson, 1976, p. 17).
For Kant the metaphor of construction is pointedly appropriate. He
characterized rational inquiry as necessarily following a certain architectonic that
shapes the process. His organizations o f categories—a basic system o f questions
that inquiry must ask o f nature—guides us in an ongoing process o f constructing,
testing and reconstructing hypotheses. (Hawkins, 1994, p. 10)

13
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Dewey, as early as 1900, was a vocal proponent o f constructivist learning. He
argued that learning is a “continuous reconstruction” of knowledge that moves from the
child’s experiences to the content o f “studies” (1990, p. 189). He proposed that schools
should be laboratories encouraging students to actively “explore and to master their
world rather than passively reacting to forces impinging upon them from the outside”
(xxi). Dewey cautioned educators to resist the notion that subject matter and children
are non-related and static; rather they are dynamic, interconnected and require
development.
Like Dewey, Piaget, especially in his later research, ‘Viewed constructivism as a
way o f explaining how people come to know their world” (Brooks & Brooks, 1993). As
Piaget studied the human mind, his earlier explanation o f cognitive change shifted from
the simplistic explanation o f assimilation, accommodation, and equilibrium, to embrace
the functions o f accommodation (Beilin, 1992). Beilin (1992) explains that it is in this
new theory that Piaget moved toward meaning and a “role o f possibility in cognitive
inference and implication” within a constructivist paradigm. Rather than view Piaget’s
work merely through the lenses o f psychology, Kitchener (1992) posits that it should be
accepted as a “kind o f neo-Kantianism” (p. 122) where emphasis is given to the
epistemological nature o f cognitive structures.
Vygotsky considered learning from the child's perspective. He viewed the
development o f thought in children “as the interaction o f spontaneous ideas, rooted in
the child's life experiences, with nonspontaneous concepts (scientific views about
phenomena), requiring a process o f active and strenuous mental activity” (Shapiro,
1994, p. 35).
14
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Knowledge-Dependent Learning
Ordinary thinking begins with continuity with the past: we use the old to generate
the new. Ordinary thinking also goes beyond the past, but does so in
straightforward ways, through reasoning and the accumulation o f new pieces of
information. (Weisberg, 1993, p. 10)
One o f the main tenets o f constructivism is that prior knowledge held by learners
is used to provide a cognitive framework on which to build new information (Appleton,
1997). “Learning therefore occurs when there is a change in the learner’s existing ideas,
either by adding some new information or by reorganizing what is already known”
(Appleton, 1997, p. 303).
The cognitive connections that are forged between existing ideas and new
encounters are clearly evident in Piaget’s work. Piaget’s Cognitive Development model
illustrates how knowledge is formed through assimilation, accommodation and
equilibrium. Piaget believed that the dynamics of the cognitive system could be viewed
as an open system that was shaped primarily through exchanges with the environment. It
is through these exchanges that new knowledge is assimilated to previous cognitive
schemes. “Assimilation implied an integration of new contents (objects, events) into an
existing system” (Garcia, 1992, p. 30).
Accommodation occurs when the new knowledge is modified to "fit" into the
pre-existing cognitive framework. If the existing cognitive framework supports the new
information, it is accommodated and the learner returns to equilibrium. However,
disequilibrium results when conflicts or gaps are present to prohibit the information
finding a place to exist within the framework. If intervention does not occur to assist the
learner in locating an appropriate site, the information is useless and is not
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accommodated into the cognitive framework. Re-equilibrium can occur only when “new
structures, new coordinations, new operations, which accommodate without conflict the
same contents that acted as perturbations leading to the disruption o f the former
structure” (Garcia, 1992, p. 30).
Vygotsky (1987) also espoused the idea that prior knowledge is the scaffolding
on which new information is attached, and that Mthe accumulation of knowledge leads
directly to an increase in the level o f scientific thinking and that this, in turn, influences
development of spontaneous thinking” (p. 168).
Ebert and Ebert’s (1994) Cognitive Spiral model emphasizes the role prior
knowledge plays in the acquisition o f new knowledge, a mainstay of constructivist
learning. As the spiral suggests, “rather than moving bock and forth between
processes...an evaluative process determines the need to re-access long term memory.
Every time a stimulus is processed, the knowledge base is altered...and affected by the
act of cognitive processing” (Ebert, 1994, p. 284). When the knowledge base is altered
it is in order to “change a belief add new information, or reinforce existing
information...through a unique experience” (p. 288).
Glaser (1984) asserts that reasoning and learning are driven by knowledge. In his
research, he found that knowledge-rich individuals possess the capacity to reason more
profoundly and elaborate as they study, which allows them to learn more effectively than
those that are less knowledgeable.
Studies that focus on expert versus novice learning and understanding
(Bransford, Brown and Cocking, 1999) indicate that “experts’ knowledge is organized
around important ideas or concepts” (p. 30) and they possess the ability to quickly
16
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retrieve relevant information, recognize patterns and solve problems. When compared to
novices, experts are more apt to view new assignments as challenges to hone their
expertise and gain further knowledge.
The evidence supports the position that building a base o f knowledge is
imperative to learning. Knowledge, then, begets knowledge and provides impetus to the
process o f constructing knowledge.
Situated Knowledge
When I heard the team’d astronomer,
When the proofs, the figures were ranged in columns before me,
When I sitting, heard the astronomer where he lectured with much applause in
the lecture room
How soon unaccountable I became tired and sick
Till rising and gliding out I wander’d off by myself
In the mystical moist night-air, and from tune to time,
Look’d up in perfect silence at the stars. Leaves of Grass. Walt Whitman (1986)
Contextualizing learning is another important tenet o f constructivism (Shapiro,
1994). “Situated teaming is the notion o f teaming knowledge and skills in contexts that
reflect the way the knowledge will be useful in real life” (Collins, 1991, p. 122). Collins
(1991) posits that the advantages o f incorporating situated learning into the teaming
environment abound:
1. The conditions for applying knowledge allow learners to connect the
knowledge to specific concepts.
2. When dealing with real problems and situations, learners are compelled to use
their knowledge in new and different applications and become inventors.

17
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3. Contextualizing knowledge encourages learners to “actually see how
knowledge is used in different settings, and what power it gives them to use
knowledge” (p. 123) in everyday life experiences.
4. Situating knowledge within contexts allows learners to store knowledge for
easy retrieval and application to novel situations.
Lave (1993) cites a number of studies that indicate leaming-transfer methods fell
short o f current cognitive theory. While she holds an extreme view o f leaming-transfer
and posits that little transfer occurs if the experience is far from the application, she
offers insight into contextual learning. Lave found that dissociating cognition from its
contexts serves to limit cognitive growth. Using an analysis o f shopping in the grocery
store, Lave illustrates how everyday life experiences lead to further investigations. “This
view o f the unfolding, experiential and multiple characters o f peoples' sense of what they
are doing draws attention to, and offers an explanation for why the ‘everyday’ character
of any sustained form o f activity is so important to its structuring” (p. 18S). Lave offers
examples o f how situating learning within everyday contexts assists learners in
understanding and problem-solving. “Everyday is not a time of day, a social role, nor a
set of activities, particular social occasions, or settings for activity. Instead, the everyday
world is just that: what people do in daily, weekly, monthly, ordinary cycles of activity”
(p. 15). In short, Lave illustrates how the lived-in world provides rich fodder for
learning in context.
The context within which one learns is also an important aspect of knowledge
transfer. When provided experiences within multiple contexts, “students are more likely
to abstract the relevant features o f concepts and develop a more flexible representation
18
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o f knowledge. The use of well-chosen contrasting cases can help students learn the
conditions under which new knowledge is applicable” (National Research Council,
1999, p. 66).
Mediation o f Knowledge
People live in social worlds o f work and play. Schools are basically social
institutions. Hausfather (1996) describes his own experiences in elementary school
centering around the relationships between classmates and recess activities. Although he
acknowledges he must have spent large amounts o f time completing schootwork, his
memories revolve around the social experiences, reinforcing the view that schools are
primarily social institutions. In traditional schools, students are expected to learn and
perform in an individual, isolated manner. However, in the real world o f work and
personal life, performances are usually mediated through others.
Vygotsky recognized the importance o f building on this social nature o f learners.
He believed that all “higher mental functions originate in social activity” (Hausfather,
1996, p. 3) that are “actual relations between humans” (Vygotsky, 1978, p. 57).
Vygotsky (1978), through his studies o f language development, concludes that
“language is consciousness that exists in practice for other people and therefore for
myself” (p. 285). Rather than view learning as development, Vygotsky perceived it as a
process that culminates in development. “Each child, in any domain, has an ‘actual
developmental level’ and a potential for development within the domain. The difference
between the two levels is what Vygotsky termed the zone o f proximal development”
(Hausfather, 1996, p. 3). Vygotsky states that the zone o f proximal development (ZPD)
is “the distance between the actual developmental level as determined by independent
19
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problem solving and the level o f potential development as determined through problem
solving under adult guidance or in collaboration with more capable peers” (Vygotsky,
1978, p. 86).
Instead o f social support merely supporting scaffolding, “the ZPD is the locus of
social negotiations about meanings, and it is, in the context of schools, a place where
teachers and pupils may appropriate one another’s understandings” (White, 1993, p. xii).
Newman, Griffin and Cole, elaborating on ZPD, posit that “cognitive change does not
happen in a closed, determined system. Productive change is possible, as is change for
the worse, depending on the constructive processes in the zone” (1993, p. 2). The ZPD
is dubbed the construction zone by these researchers. “The construction zone mediates
between the thought o f two people. It is a shared activity in which interpsychological
processes can take place” (White, 1993, p. xi).
The Piagetian developmental model also supports this social view o f teaming.
Piaget (1964), commenting on the role social experience has in cognitive development
states “that human intelligence develops in the individual as a function o f social
interaction” but is often “disregarded” (pp. 224-225). Piaget believed that peer
relationships between children fosters cooperation and mediates learning. Peer
interactions, according to Piaget, help “children ‘decenter’ their thinking, shift it away
from an egocentric perspective, thereby enabling them to consider multiple perspectives”
(Brown & Palincsar, 1989, p. 396). “As children rely on each other for feedback about
ideas, they would come to know one another’s views because they were parties to a
mutual construction” write Youniss and Damon (1992, p. 273), describing Piaget’s
stance on social construction o f knowledge.
20
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The Many Faces o f Constructivism
These are broad, general attributes o f constructivism, and no clear, concise
definition o f constructivism has been accepted by the research community. Good,
Wandersee and St. Julien (1993) describe the "many faces of constructivism" (p. 73) and
caution the reader against applying a simplistic definition to the term. The authors offer
15 “faces” that are associated with constructivism and conclude:
The metaphor of “construction” is, at once, plausible and appealing. It seems to
fit the data gathered in studies of students' conceptions o f nature, and it falls
under the fashionable umbrella o f relativism. However, the notion o f “knowledge
construction” may actually be more prescriptive than descriptive, more platitude
than explanation, and more transitory than permanent. As we learn more about
how human memory works, for example, we will continue to revise our views o f
how our minds work. We must always be on guard for the imprecise thinking to
which all of us can fell prey. (Wandersee 1990a, p. 95-96) (p. 85)
Tobin (1993), recognizing the dilemma caused by these differing views of
constructivism, suggests that rather than view the construct as a new truth that replaces
objectivism, it should be regarded as “a way of thinking about knowing, a referent for
building models for learning, teaching and curriculum. These models are hypothetical
and they can be put to test in classrooms” (p. xv). He continues by explaining that the
term allows for diversity o f definition according to each scholar’s focus and should be
expected:
Those who adhere to a more objectivist way o f making sense might object to the
many feces o f constructivism, expecting to find only one right way o f thinking
about knowing. However, those who ascribe to the belief that meaning is
grounded in socially negotiated processes will anticipate diversity and celebrate
the alternative ways ofknowing and experiencing that accompany increasing
specialization in the genus constructivism, (p. xvi)
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Human Constructivism

Novak (1998) proposes a constructivist model that is based on meaning and
understanding. Human Constructivism, a term introduced by Novak, “is a view of
meaning making that encompasses both a theory of learning and an epistemology of
knowledge building. It offers the heuristic and predictive power of a psychological
model o f human learning together with the analytical and explanatory potential embodied
in a unique philosophical perspective on conceptual change” (Mintzes & Wandersee,
1998, p. 47). Within the paradigm of Human Constructivism, teachers serve as
negotiators of meaning, and recognize that knowledge construction is dynamic and
unique to the learner. Students are encouraged to construct shared understandings
through critical analyses and become empowered to control their own learning.
Paradigm Shift
Kuhn (1962), in The Structure o f Scientific Revolutions, used the term
“paradigm” to illustrate how the lens we use to view reality can limit our perception and
thinking. He coined the term “paradigm shift” to describe the process that occurs when
an individual is willing to change her lens. “Changing the lens is an internal process
initiated by the individual when current rules and theories about the way one's world
works no longer account for the information being perceived or provide for the job to be
done” (Brooks & Brooks, 1993, p. 25).
Becoming a constructivist teacher/researcher demands a paradigm shift for those
who have only experienced traditional rote learning. With this change, familiar,
comfortable practices must be discarded or significantly altered in order to work within
the constructivist paradigm.
22
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Cooperative Learning in Constructivist Classrooms
Cooperative learning strategies are widely used by constructivist teachers to
encourage peer interactions and promote the social construction of knowledge. Used
property, cooperative learning procedures actively engage students in the learning
process through discussion and inquiry in small peer groups (Johnson & Johnson, 1987).
“Small-group work stimulates higher-order questioning and effective learning” (Texley
& Wild, 1996, p. 14). Brown and Palincsar (1989) state that cooperative grouping
distributes the thinking responsibilities over all group members, allows students to
experience various cognitive process models, assists in the sharing o f expertise among
group members, and encourages elaboration and internalization o f information.
Johnson and Johnson (1987) have studied cooperative learning since the early
1970s. Through their research they conclude that cooperative learning techniques
address a wide variety of social and intellectual needs that greatly impact student
achievement and reasoning ability. Unlike competitive learning models that stress
winning at the cost o f producing negative interdependence where students may either
work hard to beat their classmates or become fatalistic and refuse to try because o f a fear
of failure, cooperative learners offer assistance and support to the learning process
(Adams & Hamm, 1992).
Promotion o f communication skills is another important consideration of
cooperative learning. Cooperative learning techniques encourage the practice o f
language and assist in honing communication skills. Strickland and Feeley (1991) state
that cooperative learning strategies “effectively promote learning in and through oral
language” (p. 290). They posit that when children work together “the functions of
23
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language required as they work are multifaceted” (p. 291) because they first must explain
their ideas to other group members, consider the different perspectives o f group
members and finally come to a consensus.
Verbalizing ideas with peers has reciprocal benefits. As noted by von Glaserfeld
(1993), when a peer leads a student to understanding not only does the one receiving the
information gain knowledge, the tutor also receives valuable feedback to “spot
inconsistencies” (p. 31) in her own thought processes. When solutions are found, group
work also "generates motivation to face a new problem” (p. 31) encouraging further
explorations.
Marzano's (1992) work in the teaching o f thinking provides additional evidence
as to the effectiveness o f cooperative learning. He found that when cooperative learning
is applied to his five dimensions o f learning, it can play significant, new roles in each.
Specifically, cooperative learning performs “the functions o f establishing group norms
and diffusing responsibility...the functions of generating rich and varied options and
promoting accuracy...the function o f establishing group rewards...the function o f task
specialization., .and the function o f feedback” (p. 25). Marzano concludes "cooperative
learning has many faces within the learning process" (p. 25).
Communication in Constructivist Classrooms
Dewey portrayed ideal schools as being communities where activities would
revolve around the child’s experiences in “democratic and cooperative ways” (Pinar,
Reynolds & Taubman, 1995, p. 106). Children would be free to communicate and
express ideas (Dewey, 1990) within that social framework. “language is a primary
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means by which meaning is constructed... {it} is not only a medium for conveying new
ideas, it is also a means whereby new meanings are constructed” (Shapiro, 1994, p. 33).
Not only is meaning constructed through language, it “is one of the principal
ways people define themselves; through language we establish alliances with a
community, undertake interactions with others, and communicate and receive
information” (Walsh, 1991, cited in Gallard, 1993, p. 17S). Gallard (1993) maintains
that language use within the study of science is complex. Language can be reduced to
merely a study o f vocabulary (context-reduced communication) or its development can
be enhanced through context-embedded communication.
“The trend toward encouraging students to generate questions for each other and
to share responsibility for determining topics and the course o f group discussion are
major breakthroughs in promoting competence and confidence in oral language”
(Strickland & Feeley, 1991, p. 291). Pinnell and Jaggar (1991) in their article reviewing
oral language development, found that little emphasis is given to developing oral
language skills in traditional classroom settings. Believing that oral language is central to
language development, their suggestions embrace the constructivist description o f an
active, learning classroom. The researchers recommend providing opportunities for
students to talk in a variety of contexts, promoting more student-talk and less teachertalk, and situating talk in contexts that mimic life experiences.
Elaborating on Vygotsky’s theory o f language development, Britton (1970)
advocates encouraging learners to take charge o f their learning and formulate their own
interpretations o f experiences. Instead o f following prescribed teacher-text-directed
methods o f learning, Britton describes student-centered classrooms that focus on
25
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discourse, reading, and authentic, purposeful writing with teachers providing the
necessary scaffolding to support the learning process. He also emphasizes moving away
from product generation toward a more process driven curriculum that allows time for
spontaneous sharing, writing, and reading about experiences. In this environment,
students use expressive writing styles and are allowed time to examine, question, and
construct their own knowledge and understandings.
Writing Across the Curriculum
Proponents o f writing across the curriculum posit that writing exercises should
be socially interactive, with a greater emphasis on problem solving and development of
cognitive and metacognitive abilities (Holliday, Yore & Alvermann, 1994). To be
effective, writing activities should provide a bridge between old and new knowledge,
encourage learning through meaningful experiences, facilitate conceptual understanding,
and promote metacognition (Santa & Havens, 1991). In the constructivist vein, “writing
should glue thinking to paper, provide a public record o f thinking, promote critical
thinking, allow the transformation o f vague ideas to clear conceptions, and stimulate the
construction o f understanding” (Holliday, Yore, & Alvermann, 1994, p. 885).
Free choice, purposeful writing in classrooms that are stimulating, nonthreatening
and supportive encourage students to value writing (Graham & Harris, 1996). Providing
writing opportunities within the content areas develops self-regulating writing skills and
encourages learners to be “planful, reflective, and resourceful writers” (Graham &
Harris, 1996, p. 358). Writing in the content areas becomes the vehicle to not only
clarify thinking; it also assists the individual to organize thoughts and develop a greater
conceptual understanding o f the information.
26
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Dyson (1984) offers insight into the social world o f literacy learning. She asserts
that “literacy is not simply a set o f skills; it is a social activity” (p. 262). She continues
by describing the conditions that support enhancement o f literacy skills: student access to
materials, the active involvement o f students in learning, and opportunities for students
to talk about their experiences. Incorporating each o f these elements in the writing
process, coupled with content information, increases student learning and achievement.
Research Within Constructivist Classrooms
The empirical research reviewed in the following sections examines the basic
tenets of constructivism and indicates that “very complex cognitive tasks confront both
teachers and learners” (Dusehi & Hamilton, 1992, p. 4) when striving toward
establishing constructivist environments. Implementing constructivist methods requires a
paradigm shift that includes changing the traditional roles o f the students and teachers,
practicing inquiry by providing the kinds of contextualized experiences that lead to
further investigations and discoveries, and recognizing the social nature o f learning. For
ease in discussing these primary principles o f constructivism, three subtitles have been
formulated: the classroom environment, the role o f the teacher, and the role o f the
student. Since all o f these components are interwoven and work in concert to facilitate
learning, it is difficult to segment them into separate parts. However, each component is
dependent upon the other and must be considered to provide a complete picture of the
constructivist process.
The Classroom Environment
Environments that encourage questioning, evaluating, criticizing, and generally
worrying knowledge, taking it as an object o f thought, are believed to be fruitful
breeding grounds for restructuring (knowledge). (Cognitive) change is more
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likely when one is required to explain, elaborate, or defend one's position to
others, as well as to oneself; striving for an explanation often makes the learner
integrate and elaborate knowledge in new ways. (Brown & Palincsar, 1989,
p. 395)
Establishing the kind o f atmosphere described by Brown and Palincsar requires a
complete re-thinking o f traditional schooling practices. Classrooms that value student
discourse in a variety o f contexts are essential in nurturing the construction of
knowledge. “A constructivist framework challenges teachers to create environments in
which they and their students are encouraged to think and explore” (Brooks & Brooks,
1993, p. 30).
Torrance (1981) describes promoting a responsive environment, where the
teacher is sensitive to the needs of the students and encourages diversity o f thought and
processes that facilitate learning:
It means building an atmosphere o f receptive listening, relieving the fears o f the
overtaught and overguided, fending off devastating disparagement and criticism,
stirring the sluggish and deepening the superficial, making sure that every sincere
effort brings enough satisfaction to assure continued effort, heightening sensory
awareness, and keeping alive the zest o f learning and thinking, (p. 16)
Developing classroom environments that respect students’ learning styles and
preferences increase creativity and meet individual needs (Delisle, 1992). While there
may be some controversy in which teaching method or environment works best, “a
classroom designed to allow for both private and group learning through a variety o f
techniques invites learning” (p. 63) and will meet the needs of all students.
Diversity in the Classroom
Being sensitive to the needs o f all students is central to establishing the kind of
environment as described by Torrance and Delisle. Accepting that each student is unique
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and comes to the classroom “with cultural tools such as language, mental images, and
personal beliefs that they use to make sense o f the world in which they live” (Gallard,
1993, p. 172) is essential. Rather than depend solely upon the textbook or the expert
knowledge of the teacher, Gallard advocates building from the knowledge base o f the
students because he believes that when student knowledge is valued, a deeper level of
understanding is reached. Describing his own experiences as a minority student and
science teacher, Gallard (1993) offers the following insight:
Students who do not come from the Anglo world are at a disadvantage—or at a
loss—in science classrooms because teachers have been trained to recognize the
validity o f a certain type of knowledge and ways to express this knowledge.
Once students are deprived o f opportunities for drawing on their own
experiences in order to negotiate and construct meaning, science, or any other
field of study, becomes meaningless, (pp. 179-180)
Gallard's experiences indicate that some teachers may have difficulty relating to
students whose cultural mores are different from their own. Ladson-Billings (1994), an
African-American teacher and researcher, also uses her personal experiences to provide
insight into this phenomena. As an elementary student, she attended a school where the
teachers and students were primarily African-American. The teachers were members of
the neighborhood and shared many o f the same dreams and aspirations as the students’
parents. The camaraderie she experienced as an elementary student within a school
culture that celebrated her heritage no longer existed when she was transferred to a
majority white school She found that there was an expectation for her to “act-white”
(p. 12) and basically deny her own culture.
Ladson-Billings (1994) offers the following observations to assist in creating a
culturally relevant classroom environment: (a) teachers have high expectations for
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students and expect performance, (b) learning is the focus of classroom work, (c)
knowledge scaffolding is practiced, (d) classroom experiences extend students’ thinking
and abilities, (e) teachers have a firm grasp on the content, and (f) teachers know their
students intimately and can teach to their strengths and celebrate their differences.
The Role o f the Teacher
“In a constructivist classroom the role o f the teacher is not to simply present new
information, correct students' ‘misconceptions’ and demonstrate skills. It is to guide the
learner to consider new ways o f thinking about phenomena and events (Shapiro,
1994, p. 8).
Brooks and Brooks (1993) found through their research that most teachers
acknowledge that constructivist teaching is best for student learning. However, many
foil to implement constructivist teaching and learning strategies because of a variety of
factors. These teachers are entrenched in traditional ideas and practices, are concerned
about student learning and test scores, or feel they will lose control o f their classes if
they incorporate constructivist learning in their classrooms. Others note the lack of
administrative support, over-prescribed curriculum and inadequate professional
development opportunities as the primary reasons for continuing to teach in traditional
modes. Some feel their teaching methods are acceptable just the way they have always
been and are not interested in changing the way they teach. But, Brooks and Brooks
discovered that once many o f these teachers were exposed to constructivist learning
strategies, and had the opportunities to experience constructivist teaching and learning,
they were much more receptive to change.
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While conducting their research, Brooks and Brooks (1993) identified 12
characteristics that exemplify constructivist teachers. Constructivist teachers:
1. Encourage and accept student autonomy and initiative.
2. Use raw data and primary sources, along with manipulative, interactive, and
physical materials.
3. Use terminology that denotes higher level thinking skills such as classify,
analyze, predict, and create.
4. Allow student responses to drive lessons, shift instructional strategies, and
alter content.
5. Inquire about students’ understandings o f concepts before sharing their own
understandings of those concepts.
6. Encourage students to engage in dialogue, both with the teacher and with
each other.
7. Encourage student inquiry by asking thoughtful, open-ended questions and
encouraging students to ask questions o f each other.
8. Seek elaboration o f students’ initial responses.
9. Engage students in experiences that might engender contradictions to their
initial hypotheses and then encourage discussion.
10. Allow wait time after posing questions.
11. Provide time for students to construct relationships and create metaphors.
12. Nurture students’ natural curiosity through frequent use o f the learning cycle
model
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Amabfle (1996) describes productive classroom settings as those where teachers
are flexible in their thinking and schedules, provide stimulating activities, value student
participation, use small group instructional strategies and are facilitators of teaming, not
transmitters o f knowledge. Teachers in these kinds o f classrooms often ask questions
that are open-ended, i.e., “What did you observe?”, “What do you think will happen
if...?”, or “Why do you think that happened?” which encourage personal construction o f
knowledge. Responses to questions such as these also help students recognize that there
may be more than one answer to a problem, that questions are a normal part of learning,
and that one question may lead to another in the quest to solve a problem (Hodgson,
1980).
Rudd (Rudd & Brass, 1994), a primary teacher participating in a study that
implemented a unit on soil in her classroom using constructivist learning techniques,
found that her role as a teacher changed as her teaching practices evolved. To facilitate
shared knowledge discussions, Rudd placed her students in cooperative groups and
encouraged cross group sharing o f information. She allowed them to take charge o f
their learning and explore multiple options. As the unit progressed, Rudd discovered
that her traditional teaching role was altered to that o f a coach. The role of a coach, as
described by Rudd (Rudd & Brass, 1994), “is to not only allow the students to carry out
an activity but also to encourage the students to plan the tasks and think about the skills
needed” (p. 125). Throughout this process she found that she was constantly asking
them questions and prodding them to “develop their reflective thinking skills” (p. 125).
Having control over their learning helped them become “independent thinkers and
learners” (p. 126).
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This example describes the role transformation that takes place when teachers
change their practices. Once the practice is changed, the role by necessity must also
change. In Rudd's case, she not only acknowledges the changes, she celebrates them.
Working within the Teacher as Composer (TAC) program, sponsored by the
Education Development Center, Riley, Morocco, Gordon and Howard (1993)
investigated how teachers responded to two national trends; inclusion and
constructivism. The researchers were aware that as teachers struggle with the concept
o f constructivist teaching they must also cope with changing student populations. The
four-year project detailed the applications o f constructivism in thirteen regular and
special education classrooms. Their research included approximately 150 hours of
classroom observation, in-depth interviews, and “think aloud” protocols.
During the first months o f the study, almost all of the teachers did not
incorporate constructivist learning strategies in their classrooms even though they had
attended professional development inservices and were expected to use the approaches
with their students. Several factors were identified that hindered the progression o f new
teaching techniques; workplace constraints, limitations of inservice models, classroom
demands, and teacher mindset. Constructivist learning is process-driven and requires
time and constant monitoring to implement. Pressured to “cover the content” while
teaching with constructivist methods was, for many, unrealistic, so lack of time was a
major complaint. “The buzzing reality o f the living classroom is very different from the
controlled context of formal research experiments and the decontextualized inservice
program” (Riley, et aL, 1993, p. 189) and contributed to a lack o f meaningful connection
between proposed best practice and the reality o f the situation. The data analysis done
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during the first eighteen months showed that “these teachers did not plan or instruct with
the individual child in mind, nor did they think about children's thinking”’ (p. 190).
An intervention strategy was incorporated around the planning, teaching, and
analysis o f thematic literature-based reading/writing units over a thirty-month period.
Writing was chosen as the focus because the teachers indicated that it was their most
difficult subject area, especially when considering the students with special needs. The
researchers also became more actively involved in the day to day operations of
schooling. “Teachers and researchers engaged in the co-constructing o f writing units
that would enable all of their students to be productive in a shared writing curriculum”
(Riley, et al., p. 190).
In addition, analogous role play helped teachers bridge the gap between theory
and practice. Through these experiences, the teachers became more cognizant of their
roles in establishing classrooms conducive to learning. They realized that: (a) children
need time and facilitation to develop their ideas, (b) children need to follow their own
style and work in their own way, (c) children need pre-writing support to give them a
sense of structure, and (d) when facilitation does not support the child's interest and
thinking, active learning is thwarted.
Riley, et aL (1993) found that the road to change is slow and rocky. It took
almost four years to get to the point where the teachers began to develop a sense o f
ownership in process learning and became interested in incorporating the techniques in
their own classrooms. “The teachers were able to construct new bridges between active
learning principles and their own work because o f the special conditions that the project
created: opportunities to collaborate, the presence o f an interested observer in the
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classroom, and above all, time to reflect” (p. 196). The researchers conclude that it is
important to find a way to “embed models o f professional learning” (p. 196) in schools
to assist teachers in developing best practice techniques.
The implications o f this study are particularly cogent to constructivist learning.
The issue was more about cognitive change within the teachers and less about
developing a sense o f ownership. Ownership o f ideas is a natural by-product o f
knowledge construction. For example, although the information about the effectiveness
o f constructivist learning was “covered” at the onset o f the study, the researchers noted
that the majority o f the teachers subsequently exhibited little or no change in their
practices. The teachers chosen for the project used traditional teaching methods prior to
participating in the study and merely presenting models, positive results and teaching
techniques o f constructivist learning were insufficient to cause changes in practice.
Although the teachers delineated a number o f reasons for being unable to incorporate the
strategies, the underlying cause may have been a lack o f cognitive change in accepting
the new methods. In the absence o f cognitive change, the teachers continued their
comfortable practices. Cognitive change did not occur until the researchers encouraged
the teachers to construct their own understandings of constructivist learning. Through
collaborative support and innovative teaching strategies over time, the teachers were able
to form meaningful connections between classroom practice and student learning within
the constructivist paradigm.
In another study that focused on the practice o f the teacher, Fleer (1992)
researched the interactions between teacher and child to determine how learning is
mediated between the two. Fleer collected 100 hours o f videotape and 190 hours o f
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audiotape o f three elementary classrooms over a six-month period to provide data for
analysis. Fleer discovered that o f the three teachers she observed, only one was
successful in establishing a shared understanding within a social framework that was
purposeful and cognitively oriented. Teacher A focused on procedural aspects o f the
activities, while Teacher B, although more cognitively focused, lacked evidence o f
shared understandings. Only Teacher C “engaged in more successful discourse...and
scaffolded conceptual change more readily” (p. 393) and provided opportunities for
further expression and investigations.
All three teachers used activity-based instructional models, yet only Teacher C
provided the necessary guidance that leads to cognitive change. This study suggests that
just providing hands-on activities will not necessarily result in greater understanding.
Appropriate intervention by the teacher is also required. Rather than focus on the
materials or the activities, Teacher C used the activities as vehicles to promote cognitive
change.
With conceptual change as the primary focus of their investigation, Peasley, et aL
(1992) designed a case study to determine the effectiveness o f writing to leam strategies
on the process o f conceptual change in science. Using writing as a tool for discovery
and making connections instead o f as a knowledge-telling device, the researchers
followed a teacher, Jane, and two third-grade students (average abilities, one girl, one
boy) through the change process. The research plan included "dropping” in one science
unit into the regular classroom curriculum, collaborating with the teacher on how to
implement the unit, and analyzing observations and written artifacts from the two
students to note changes in thinking.
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Although familiar with conceptual change strategies, Jane had only used
knowledge-telling modes of writing in the past, and was initially eager to implement this
new method o f learning. However, it proved to be a struggle for her as well as the
students. By the time the unit was begun in the spring, classroom norms had been well
established and changing them to accommodate one single subject was difficult. Jane
and the students grew to resent the change.
Changing pedagogy was also difficult. Even though Jane knew the mechanics of
knowledge transformation and outwardly agreed philosophically, transferring and acting
on those beliefs did not occur. “Rather than show the students the new norms by
puzzling with them over ideas or modeling her thinking about how to use the writing,
Jane told them the writing was different. The paradox was that while Jane tried to move
away from a more didactic form of science teaching, she did so didactically telling
students how it would differ” (Peasley, et a l, 1992, p. 31).
The results underscore the need for teachers to undergo conceptual change
within themselves before they are able to successfully implement new learning strategies.
Simply possessing the knowledge does not translate into practice.
The collective results o f these studies indicate that in order to be effective co
constructors o f knowledge in their classrooms, teachers must change their practices.
However, before practice is changed, inherent belief systems must undergo
transformation. Oftentimes these beliefs are not recognized or acknowledged by the
individual, but manifest themselves in actual practice. Reflection and peer interaction
time is essential in providing the kind o f experiences necessary for teachers to carefully
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deconstruct and closely examine their classroom practices. Constructing their own
understandings o f how students learn best will help transform philosophy into practice.
The Role o f the Student
“In a constructivist classroom the role of the learner is not to passively receive
information, but to actively participate in the construction o f new meaning (Shapiro,
1994, p. 8). Setting the stage for learning is critical to producing the kind o f interactive
behavior espoused by Shapiro.
In an investigation o f the dynamics o f smaU-group discourse and meaning-making
within a constructivist paradigm, Richmond and Striley analyzed (1996) student talk in a
tenth-grade, integrated science classroom. They believed that the primary focus of
constructivist learning has been placed on the interactions a child has with the physical
environment, and that the importance o f language and social interactions have been
secondary. The researchers based their study on the premise that “language, which is a
mediator of this cultural world, becomes the essential partner o f thought, and social
transactions play a critical role in the shaping of cognition” (p. 840).
Richmond and Striley (1996) analyzed student talk in two dimensions; a
conceptual dimension which examines the students’ ideas about scientific arguments and
scientific problem solving, and a social dimension which takes their attitudes and
significance of the group work into consideration. Although conceptual understanding is
an important aspect of the study, Richmond and Striley also established three goals for
the students, “engagement, seeing knowledge in an intellectual context, and construction
o f reasonable scientific arguments” (p. 855).
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The findings indicated that many students gained expertise in using the scientific
method to defend their work, and that “specific social roles and leadership styles
developed within groups that greatly influenced the ease with which students developed
scientific understanding” (Richmond & Striley, 1996, p. 839). The researchers also
concluded that when students have access to and use the tools o f the scientific
community, they are better able to construct convincing arguments. However,
knowledge gain was not universal and the group leaders directly influenced achievement
levels. Groups led by inclusive leaders fared the best, while groups led by those who
were alienating showed substantially less growth.
The social nature of learning is emphasized in the Richmond and Striley study.
Group dynamics played a significant role in the learning process and illustrated that the
scaffolding that can occur during learning is dependent upon the interventions o f group
members. These findings provide insight into the formation o f cooperative groups.
Recognizing differences in leadership styles and being cognizant o f personality traits,
etc., can assist teachers in making equitable group assignments.
In another study, Shepardson (1996), acknowledging that learning “involves a
personal construction o f meaning and a socially negotiated meaning among learners of
the community” (p. 159), investigated how social interactions mediated the learning of
first-graders working in small groups in a constructivist setting. Basing his study on the
sociocultural constructivist perspective, Shepardson looked closely at the interactions
between and among the individuals, their interactions with artifacts, and the context in
which the actions and interactions occurred.
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Assuming the role of participant-observer in this qualitative study, Shepardson
found that the mechanical structure of the classroom superseded understanding by the
students. “The teacher's discourse carried privilege in conveying the norm that children
function independently to complete the learning tasks and work toward individual versus
shared goals, therefore establishing a small-group independent o f norm structure”
(Shepardson, 1996, p. 176). In other words, the teacher did not take advantage o f the
group setting to focus on shared understandings. The negotiations that occurred were
sharing the use o f materials to achieve individual goals, Le., journaling, and completing
diagrams o f the life cycle o f an insect. Although the subject matter was rich with
possibilities, the “teacher’s discourse...conveys the taken-for-granted tools o f science as
a means for describing or naming phenomena versus that of understanding phenomena”
(p. 176). Even though the children’s social interactions mediated their science learning,
it was not toward the intended goal of shared meaning about the content presented.
Rather, following the prescribed normative group structure established by the teacher,
students were “encuhurated... into the social group, the taken-for-granted way o f
interacting and acting” (p. 177).
Again, as in the previous study, information exchange between all individuals was
the key to individual student progress. When the teacher or group leader is too
restrictive or prescriptive, learners are less likely to participate in the kinds o f rich,
meaningful activities and thought processes described by leading constructivists. Merely
grouping students together does not mean they are working in cooperative groups. As
this study indicates, the students only shared supplies, and were not engaged in learning
through interactions with each other.
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Another basic principle embedded in constructivism is the belief that students
leam best when presented with the whole and given opportunities to make meaningful
connections that foster understanding. Brass and Duke (1994) began a study o f “Our
Place in Space” in an effort to provide a “big idea” rich in investigative possibilities and
one which necessitated integrating the curriculum. Structuring the classroom within the
constructivist paradigm, second, third and fourth grade students were encouraged to
work cooperatively with each other, be actively involved in solving problems, become
risk-takers, view the teacher as a co-learner, negotiate their own goals, and become
responsible for their own learning.
The teacher-researchers began the unit by assessing what the students already
knew through brainstorming and webbing activities. An inquiry-based format o f
instruction was used throughout the study. Students were constantly asked what they
thought and encouraged to form hypotheses and act upon them.
Analysis o f pre and post assessment instruments revealed that students “saw
themselves as more actively and more personally involved” (Brass & Duke, 1994, p.
109) in the learning process and there was evidence o f knowledge development as well
as development of greater risk-taking attitudes. Brass and Duke concluded that student
understanding is significantly affected by implementing an integrated curriculum where
math, drama, process writing, art, science and language are inextricably connected in a
student-centered learning arena.
Analyzing and describing student learning using a constructivist-based model is
central to a study conducted by Appleton (1997) in Australia. Citing research from
developmental psychology, cognitive psychology, and social constructivism, Appleton
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presented his own model based in part on the works o f Piaget, Vygotsky, Bruner,
Claxton and Howard. Appleton maintains that his model is basically a simplified form of
a very complex process. He conducted a study in three classes o f 11- to 13-year-olds.
Three lessons were presented to each class o f students. Each lesson revolved around a
discrepant event meant to challenge student thinking. Three students from each class
were interviewed after each lesson was presented for a total o f 27 lessons. Appleton’s
analysis methods consisted of constructing a series o f case studies o f each of the three
students’ responses after each lesson. Cognitive responses were coded and analyzed.
Field observations were conducted and videotapes were viewed to triangulate the data.
The identified responses were then compared to the model.
In his review o f the study, Appleton (1997) chose two students, Thomas and
Leonie, to illustrate his findings. In Thomas’ classroom, the students were unable to
explore the materials themselves and were under constant, total control o f the teacher.
Although the social constructivist model was in evidence in the classroom, only some
students were able to actively respond through scaffolding o f knowledge, while others
merely passed the time until they were told the answer. The researcher noted verbal
scaffolding by the teacher with the students, as well as student to student. During a
subsequent follow-up interview, Appleton found that Thomas was unable to clarify his
ideas and did not grasp an understanding of the concept presented. Instead, he relied on
“remembered statements (often imperfectly recalled) from the teacher” (p. 310). The
scaffolding offered in the classroom clearly went beyond his zone o f proximal
development.
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In contrast, students in Leonie's classroom, were given the opportunity to explore
with the materials as well as participate in discussions. The teacher used questions to
assist students in thinking about the activity and its implications. When the discrepant
event was first presented, Leonie sorted through recall and tried to attach this new
information to something already known. Since she was unable to explain the
phenomena, she used surface processing. However, she continued to seek information.
Leonie used three strategies to gain information. She waited for the answer to be
revealed, explored the materials directly, and built upon the knowledge of her peers. At
the end of the lesson, she asked the teacher questions to help clarify her understanding.
In the follow-up interview with Appleton, it appeared that Leonie experienced cognitive
change in the learning process.
Appleton (1997) challenges teachers to focus on the learner. He asserts that
knowing the prior knowledge held by students contributes positively to new knowledge
construction. Appleton states that his social constructivist learning model focuses on the
learner and his or her responses to the learning situation, rather than following prescribed
teaching steps.
This study exemplifies the need for learners to actively participate in knowledge
construction. The use o f manipulatives coupled with peer and teacher discussions assist
in concept development and understanding as evidenced by Appleton’s research.
Conducting research whOe teaching her 25 fifth-graders, teacher-researchers
Peasley, Rosean and Roth (1992) incorporated a social constructivist epistemology with
writing-to-leam strategies in Peasley’s classroom to determine their effects on the
development of conceptual knowledge in science. During the process o f implementing
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the program, the classroom norms were changed to facilitate collaboration. Peasley
discovered that as students adjusted to the change in norms, they began to develop a
sense o f community and all o f the members’ roles changed, including her own role as
teacher. As a member o f the science learning community, Peasley’s role evolved into one
as co-learner instead o f information-giver, and she became as involved in the learning
process as the students.
Over time, Peasley was able to assess the impact of the interventions. She found
that her “students...were able to use their science knowledge in a flexible manner in
multiple contexts across the school year, rather than in one context for the purposes o f a
test and then forgotten” (p. 1).
Assessing Student I eaminy
As instructional practices must change to respond to current research on how
students learn best, so do the methods by which student learning are assessed. In
Assessing Science Understanding: A Human Constructivist View. Mintzes, Wandersee
and Novak (2000) base assessment on the premise that it should promote conceptual
understanding in the natural sciences, and that:
...poor assessment practices in the elementary and secondary schools (and in
colleges and universities) are clearly among the most significant impediments to
understanding and conceptual change. The view that “assessment drives
learning” is perhaps the oldest adage in education; yet, until recently, science
educators have invested precious little time in developing and testing new
assessment strategies that complement and reinforce meaningful learning.
As a result, we have witnessed a kind o f progressive decoupling (Le., a
“misalignment”) o f instruction and assessment in science education, (pp. xix-xx)
Serving as editors and chapter authors, these researchers offer a wide variety of
strategies based on the Human Constructivist paradigm that enhance student learning.
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Alternative assessments include the Epistemological Vee Diagram, concept mapping,
interviews, interactive protocols, observation rubrics, portfolios, and assessment
software, all within the context o f promoting meaningful, student-driven learning and
conceptual change.
In the past, the emphasis placed on assessment has been summative in nature.
Students learned the material, then were tested on their mastery of the information.
Black and William (1998) note four issues gleaned from critical reviews of the literature
concerning the status of assessment practices:
1. Tests teachers use encourage rote and superficial learning, even when they
profess to teach for understanding.
2. Giving marks and grading students is overemphasized and the learning
function is underemphasized.
3. Feedback from teachers serve social and managerial functions at the expense
o f learning.
4. The collection o f grades to fill in records are given the highest priority,
oftentimes because o f the system’s need for documentation.
The National Science Education Standards (1996) presents the view that
assessment and learning are complementary. Assessments are the “operational definition
o f standards, in that they define in measurable terms what teachers should teach and
students should learn” (National Research Council, 1996, pp. 5-6). Alignment of
instruction to assessment is critical to student learning. When teaching methods are
incongruent with assessment practices, both teachers and students become frustrated.
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The Debate Between Norm- and Criterion-Referenced Tests
In many states throughout the country, policy-makers are adopting high stakes
criterion-referenced tests that are standards-based, and norm-referenced tests that are
traditional and serve as benchmarks for comparison with other states. Teachers have
expressed concern over the two different assessment measures, coupled with little
support or professional development to ensure implementation o f standards-based
curriculum, instruction and assessment that includes strategies to be successful on
criterion- and norm- referenced standardized tests.
Recognizing the current dilemma presented to educators, Atkin, Black and
Coffey (2001) assert, “it is important to keep in mind the different uses of
assessment...the intended audience, especially when considering the mechanisms
employed to collect evidence and the inferences drawn from the collected
data...[teachers] must engage in both formative and summative assessment practices
[and] it is necessary to identify and attempt to mitigate the existing tensions”
(pp. 20-21).
Formative Assessment Procedures
Whereas traditional classroom assessments primarily involve formal end o f unit
tests, or weekly summative measures o f student learning for grading purposes,
standards-based assessment requires systematic, on-going formative assessment to
scaffold learning and provide redirection as needed. The intent o f formative assessment is
not to assign a grade; rather it is re-thinking assessment to use it as a tool to explore
understanding and expand and enhance learning. Teachers and students must be integral
to the learning and assessment process. Empowering students to critically assess their
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work and determine its value and quality with support from the teacher promotes student
understanding and performance (Atkin, et al. 2001).
Formative assessment, as defined by Black and William (1998), are “all those
activities undertaken by teachers and by their students [that] provide information to be
used as feedback to modify the teaching and learning activities in which they are
engaged” (p. 7). These researchers conducted a literature review o f more than 580
publications, and using material from 250 o f these resources, concluded the following:
Standards are raised only by changes that are put into direct effect by teachers
and students in classrooms. There is a body of firm evidence that formative
assessment is an essential feature o f classroom work and that development of it
can raise standards. We know of no other way of raising standards for which
such a strong prima facie case can be made on the basis o f evidence of such large
learning gains, (p. 19)
Standards-based assessments also serve to address students’ learning styles
because they are open-ended and involve the learner in the process. Students are able to
use all their skills and knowledge to devise creative ways of responding to questions and
problems. Assessing becomes a way for students to showcase their areas o f expertise
and build upon their strengths. Formative assessment strategies that recognize
differences in students’ learning styles allow for redirecting and refocusing as needed to
determine student understanding and scaffold learning through questioning and other
appropriate interventions.
While assessments traditionally originate from administrators and teachers, one of
the best forms o f assessment is student-generated. Students who are afforded the
opportunities to reflect on their work become more aware o f the process. “Engaging
students in assessment o f their own thinking and performance allows them to be more
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self-directed in planning, pursuing, monitoring, and correcting the course o f their own
learning. Self-assessment nurtures discovery, teamwork, communication, and conceptual
connections” (National Research Council, 2000, p. 80).
The Knowledge Vee
The Knowledge Vee, originally developed by Gowin in 1977 (Novak & Gowin,
1995), is a device that assists learners in organizing and categorizing information.
Mintzes, Wandersee and Novak (2000) offer the Knowledge Vee that lists “12 elements
that are involved in creating or understanding knowledge in any domain. The elements
on the left side of the Vee are used by the learner to select events and focus questions
and to perform the actions of the right side o f the Vee that lead to learning and the
creation of knowledge. All elements interact with each other” (p. 10).
Mintzes, Wandersee and Novak (2000) posit that providing assessment strategies
that are meaningful and provide feedback to the learner, will enhance student learning
and understanding as modeled in the Knowledge Vee in Figure 2.
The Knowledge Vee was incorporated in the design o f this research because it
provided a graphic that succinctly, yet effectively, described the processes incorporated
within the body of the work allowing the reader to assimilate the general design and
structure easily and quickly. Organizing and presenting the information graphically also
provided a mechanism to continually assess the progress o f the study and redirect as
necessary. As the study progressed, the Vee was revised as needed to help maintain
focus and assure continuity.
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The Knowledge Vee
CONCEPTUAL/THEORETICAL
(Thinking)

METHODOLOGICAL
(Doing)

FOCUS QUESTIONS:
Questions that serve to
WORLDVIEW:
focus the inquiry about VALUE CLAIMS:
The general beliefand knowledge
Statements based on knowledge
events and/or objects
system motivating and guiding the [ studied.
claims
that declare the worth or
I
inquiry.
value of the inquiry.
PHILOSOPHY/EPISTEMOLOGY:\
The beliefs about the nature of know- \
ledge and knowing guiding the inquiry'

KNOWLEDGE CLAIMS:
Statements that answer the focus
question(s) and are reasonable interpre
tations of the records (or data) obtained.

THEORY:
The general principles guiding the
inquiry that explain why events or
objects exhibit what is observed.

TRANSFORMATIONS:
Tables, graphs, concept maps, statistics,
or other forms of organization of records.

PRINCIPLES:
Statements of relationships between con- \
cepts that explain how events or objects can
be expected to appear or behave.
\

RECORDS:
The observations made and recorded
from the events/objects studied.

CONTRUCTS:
Ideas showing specific relationships between
concepts, without direct origin in events or
objects.
CONCEPTS:
Perceived regularity in events or objects (or
records of events or objects) designated by a
label.
EVENTS AND/OR OBJECTS:
Description of the events) and/or
object(s) to be studied in order to
answer the focus question.

Figure 2. The Knowledge Vee
Visual Perception and Cognition

Human vision can be described as having two components; sensation and
perception. Sensation is the detection and encoding o f visual stimuli and perception is
the cognitive process o f organizing, decoding and interpreting visual sensation. Human
vision is a complex process, and is much more than a response to stimuli. While all
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higher organisms have “visual sensors,” human vision has evolved to discern fine details,
detect rapid motion, possess color discrimination and employ single binocular vision to
gather information and adjust to three-dimensional settings. Visual cues are captured by
the optical system, transported to the retina, and then sent to the brain for further
processing. The brain quickly interprets what is seen by the eye, and recognizes color,
contour, texture, movement and perspective, then compares all this information to past
experiences to make meaningful connections and transform two-dimensional images into
a three-dimensional world (Solso, 1997).
The Human Eve
Surprisingly simple in its composition when compared to lesser organisms, the
human eye is a primary source o f information. Eyes have the capacity to see because o f
light. Light energy is emitted by various electric charges in atoms and travels in
electromagnetic waves that are both electric and magnetic. Electromagnetic waves, of
which light is only one small portion, include radio waves, microwaves and X rays, all o f
which are radiated by vibrating electrons within the atom (Hewitt, 1987).
The human eye cannot detect all forms o f light. The lower frequencies of
infrared light and higher frequencies o f ultraviolet light are not identified by human eyes.
Similar to the function of a camera, the iris works like a shutter, and adjusts itself to
regulate the amount o f light entering the eye. When light enters the pupil of the iris, it is
the function o f the clear cornea and crystalline lens to aim or focus tight rays onto the
retina, a "film-like" tissue, in the back o f the eye. The retina is a thin section o f nerve
cells designed to absorb tight and transform them into electrochemical signals that are
recognized by the brain. Different parts of the retina receive tight from many different
SO
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directions, and the image produced is upside down. The brain takes the information
received by the eye and processes it into a recognizable picture that is right side up.
There are three types o f cells in the retina that are involved in sending visual responses to
the brain:
1. Receptor cells—These cells are highly sensitive to electromagnetic energy.
Information from the receptor cells is usually transferred to the bipolar cells, but in
some instances, information from receptor cells is directly transferred to horizontal
cells that pass information to other receptor cells.
a.

Rods—Approximately 125 million in number, rods respond to low light intensity
and detect the intensities of black, gray and white to produce various shades of
gray. The relative sensitivity of rods to light wavelengths is at about 500
nanometers.

b. Cones—Approximately 7 million in number, cones respond to high light
intensity. They detect and produce the full spectrum of color. The relative
sensitivity o f cones to light wavelengths is at about 550 nanometers.
1) Bipolar Cells—These cells serve as conduits. They receive
information from the receptor cells and send it to the ganglion cells.
2) Ganglion cells—These cells gather the information from the bipolar
cells and send it to the optic cortex in the brain. Amacrine cells
connect ganglion cells together and allow transfer of information.
The fovea is located opposite the pupil, and close to the optic nerve. Packed
tightly with cones, the fovea is responsible for visual acuity. No larger than a pinhead,
the range of the fovea is limited to 1 or 2 degrees, but produces extremely sharp vision
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within its range. Humans can detect peripheral visual cues about 90° right or left from
either eye, and 65° up or down from either eye. Foveal vision is much more distinct.
The farther from the ideal foveal position, the less clarity of vision. Someone viewing a
photograph, for example, would not look at the entire image at once, instead there
would be a number o f small “eye fixations that examine details falling within foveal
vision” (Solso, 1997).
Eye movement throughout this process is constantly changing as the muscles
relax and contract. These movements are called saccades, and the more complex and
interesting a scene, the longer the duration o f saccades. Solso (1997) describes the
process of looking at an object as not seeing it all at once, but where the eye goes
through a “series of scans” (p. 26) when the eye stops on one feature, then moves to
another.
Each feature is seen in a brief glimpse, then our eyes focus on another point for
additional processing. The span of material clearly seen at each fixation point is
sharply limited due to the narrow field of foveal vision. Since this scanning/stop
maneuver takes place over very short time periods, the subjective experience is
that we are seeing the picture all at once, when, in feet, our visual perception o f it
is built up from a series of discrete ‘snapshots’, (p. 26)
The Brain

Basically, the brain is a collection of nerve cells that are part o f the nervous
system located within the skull. The brain weighs less than 3 Zi pounds, but is
responsible for virtually everything humans do, say and think. While the brain initiates,
and controls our movements and activities, it also regulates all o f our internal systems.
The most interesting aspect o f the brain, however, is the mind.
Feelings, emotions, awareness, understanding and creativity are well-known
aspects o f mind...The consensus today among neuroscientists and philosophers is
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that mind... is a natural consequence o f complex and higher neural
processing...and while the human brain is qualitatively similar to the brains for
other animals, it is quantitatively different...it has more nerve cells than do the
brains o f other primates, our closest relatives, but also, what is probably more
important, the cerebral cortex of the human brain, the seat o f higher neural
function—perception, memory, language, and intelligence—is for more
developed than is the cerebral cortex of any other vertebrate. And because o f the
added neural cells and cortical development in the human brain, new facets of
mind emerge. (Dowling, 1998, pp. 4-5)
The act of seeing requires the activation o f many different brain structures as
shown in Figure 3. As many as thirty to forty different areas o f the brain may be
involved in visual processing.
1) Visual signals travel from the retina to the
Primary Visual Cortex— VlandV2. Signals are
sorted, integrated and rooted to V3.

2) Higher order processing begins,
andform, outlines and motion become
evident in V3.

Independent
parallel process
ing of information
occurs in the
various regions.

3) Traveling to V4, located on
the underside o f the occipital
lobe, color and to some extent
form are processed.

“The results are
recombined as these cortical
areas communicate with other
parts of the cerebral cortex—notably
parts of the temporal lobe—plus the language
centers and other areas. By such interactions,
we become aware of the color, shape, motion,
distance, identity, name, and meaning of what
we see” (Greenfield, 1996, p. 92).

4) Signals are sent to VS, located
on the outer part o f the occipital
lobe, where movement is tracked by
constantly comparing visual “ maps"
and updating them as changes occur.

Figure 3. Visual Signal Routing and Processing
Solso (1997) describes the meaning-making component of interpreting visual
cues as creating associations with previous knowledge that is stored in long-term
memory. The final stage o f the information processing, called higher-order cognition,
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causes the brain to focus on specific parts o f a visual scene. Greater attention is paid to
features that are “o f personal interest” (p. 78).
The sensory stages o f VI and V2 begin the process o f visual cognition, where
stimuli are the drivers of the experience in “bottom-up” processing. In the next stages,
“top-down” processing occurs, because the cognitive areas o f the brain begin to make
sense o f the stimuli. However, the stages are not completely separate and distinct; there
are elements o f each in all the stages. Figure 4 illustrates the properties of these stages.

Figure 4. Sensory Stages VI and V2
While viewing Figure 4, try to be aware of the processes involved in determining
what the image represents. Does the image mean anything to you? How are you
processing what is seen? According to Solso (1997) the eyes capture the image and
send it to the brain. Basic line contours are then recorded by the brain, and specific
neurons are stimulated in the visual cortex. In the next stage, features o f the image are
assigned to various groupings. For example, a person may perceive the features on the
right side as a group, and the features on the left side as belonging to a different group.
As the brain begins to process the information, redintegration occurs, and the features
become a meaningful whole. The individual begins to really “see” the illustration and
make sense o f its meaning. A number o f different meanings may be constructed because
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what is seen is dependent upon previous experiences that have been stored in the brain.
In the absence o f knowledge to connect the images to something that makes sense to the
individual, Solso explains, there can be no meaning.
Technological advancements have provided greater understanding o f how the
brain functions and responds to stimuli. It is now possible to track various responses and
locate the actual part o f the brain responsible for processing particular stimuli. Recent
brain research findings offer insight into how people learn best and contribute “braincompatible” strategies which include: (a) recognizing the importance o f using language
in various forms, (b) conceptually organizing information for meaningful learning, and
(c) maximizing opportunities for teaming when synapses in the brain are especially
productive.
One such strategy involves using metacognition, which is the ability to reflect on
one’s performance (National Research Council, 1999). It affords learners the
opportunity to cognitively deconstruct their learning, and devise more effective ways to
learn that are relevant to them and compatible to their learning styles. Metacognition is
heavily dependent upon prior knowledge as meaningful reflection cannot occur if
understanding is lacking. Using such devices as the Knowledge Vee or concept maps
help “students understand knowledge structure and production” (Novak & Gowin, 1995,
p. 8) ultimately assisting them in learning how to learn.
According to the National Research Council (1999), the following “big ideas”
surfacing in current brain research include:
1) The function and organization of the brain and mind depends upon
experiences.
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2) Brain development is an active process that benefits from experiences.
3) There are specific “windows o f opportunity” for learning that occur
during brain development. Participation in certain experiences during
these times has lasting benefits.
4) Brain research is ongoing and constantly providing new information
that has significant applications for educational practices.
Visual Perception

“Our visual perception is based only partly on external reality—the brain makes
up the rest as it goes along” (Greenfield, 1996, p. 94). Perception is unique to each
individual and is influenced by memories o f past experiences. Memories derived from
sensory experiences in the forms o f images, sounds, emotions, smells and textures
combine to affect the way humans perceive and relate to new experiences and interpret
events. In a sense, humans create their own reality based on their lived experiences.
Eyewitness reports are notoriously unreliable because people do not perceive an event
exactly the same. Perception is dynamic and constantly being updated as each new
stimulus is received. Visual perception is also dependent upon past experiences.
From the moment light enters the eye, vision is the primary source o f information
for the brain. Rather than being a passive recipient o f the stimuli, the brain “learns to
make endless assumptions, short cuts, and extrapolations, so the apparently seamless
scenes we see are partly guesswork” (Greenfield, 19%, p. 94). For example, eye lens
capture images that are translated as upside-down and back to front, but the individual
never recognizes the process—everything appears to be in place. For example, when
beginning to leam to reach for a toy, a baby recognizes after many tries, that a certain
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part o f the retina corresponds to a position in front of the body. The brain continually
processes information and makes endless correlations so that it becomes natural to link
what is seen with the position o f an object in the real world.
Another illustration that provides evidence of how the brain responds and
compensates, is found in the brain’s capabilities of providing missing information.
Because there are no cones or rods where the axons of ganglion cells meet in the retina
to form the optic nerve, a blind spot is produced. The blind spot is insensitive to light
and leaves a vacant space or “black hole” in the 6ekl o f vision. However, the resourceful
brain compensates, and learns to extend features—lines, shapes and colors—into the
blind spot. In addition, it exchanges information with the other eye, which normally sees
things at a slightly different angle, and fills in the missing information.
The brain is constantly looking for associations and connections, and sometimes
appears to be playing tricks on an individual The ability o f the brain to make sense of
artificial optic illusions has prompted researchers to delve deep into the reasons why
these occur. The Gestalt psychologists, Max Wertheimer, Kurt Koflka and Wolfgang
Kohler, proposed that form is the primitive unit of perception (Solso, 1997). They
believed that studying the way the brain responded to stimuli would lead to greater
understanding of visual perception and ultimately psychology, that pattern organization
was integral to the brain, and that understanding how the brain organized information
would provide insight into how the brain functions. The Gestalt psychologists produced
patterns that not only illustrated visual illusions, but also showed how the brain organizes
visual information.
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Solso (1997) presents the following Gestalt principles of perceptual organization:
1. Proximity: like objects that are near to each other in the physical world tend
to be grouped together perceptually.

Figure 5: Proximity o f Objects
Instead of seeing six distinct space shuttles separate from each other in Figure
S, they are perceived as being three sets o f two.
2. Similarity: elements that are similar in shape, color, size, etc., tend to be
grouped together.
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Figure 6. Similarity of Objects
Solso states that the “inclination to see similar elements as belonging to
the same class is so compelling” (1997, p. 90) that we interpret the patterns
m B and C to help organize A in Figure 6.
The lines and resulting white spaces depicted in Figure 7 compete for the
viewer’s attention. As the eye moves across the patterns, the rivalry between
the various lines and spaces creates a sense of disequilibrium. The brain
continually seeks to make sense o f the image by grouping the shapes together
in an attempt to understand it.
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Figure 7. Conflicting Organizational Patterns
In much the same way, Figure 8 presents several ways in which
competing patterns are illustrated. The viewer is encouraged to note how the
eye moves across the patterns in an attempt to locate visual patterns.

ih'J& vtti'A r
Figure 8. Competing Patterns
3. Continuation: objects that follow a natural flow are usually seen as belonging
together.

B

Figure 9. Continuation o f Objects
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This phenomenon may be connected to the physics o f motion; objects in
motion maintain their course. According to Solso, when someone sees A in
Figure 9, they will probably see a straight line with a curved line going through it
rather than as three disjointed figures as shown in B.
4. Closure: there is a tendency to put disjointed figures into a whole as
illustrated below in Figure 10:

Figure 10. Closure o f Objects
5. Pragnanz: pragnanz means “pregnant with meaning.” Since our minds are
constantly searching for ways to make sense o f stimuli, Gestalt theory posits
that the mind naturally seeks figures that are regular, stable and somewhat
comfortable, and avoids that which disturbs us.

B

t

Figure 11. Pregnanz Illustrated
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Design A may appear to be four boxes across and five down, with black
undersides. The boxes may be “enclosed” following the closure theory mentioned
earlier. However it can also be viewed as a total of twelve distinct boxes that have no
black sides in an entirely different configuration. The figure can also represent a set o f
seats that are facing the viewer or facing away from the viewer. Design B can be
explained in several different configurations as well In both examples, the viewer will
tend to be drawn toward the explanation that is most comfortable (Solso, 1997).
Context and Visual Perception
Context within the framework of visual perception must consider both the past
experiences o f the viewer as well as the physical composition o f what is being viewed.
Involving the past knowledge of the viewer means the perception of each object is
unique and open for individual interpretation.
Physical traits of representations effect contextual perception. One trait is
brightness contrast, where lightness and darkness o f various components are perceived
differently dependant upon the position and background.

Figure 12. Brightness and Context
For example, the two objects in Figure 12 are o f the same hue, but the diamond looks
lighter on the darker background, and darker against the lighter background.
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Solso (1997) contends that we process visual information in a top-down manner,
always asking questions and with certain expectations. Because o f this, we may view the
following triangles as pointing in different directions as noted in Figure 13.

Figure 13. Top-Down Processing
Features of photographs and other representations within their normal, expected
context are much more easily recognizable than those same features outside o f the
context. When features or expectations are different from what is the norm, visual
dissonance occurs. Visual dissonance is a “state o f psychological tension caused when
one experiences a disparity between what one expects to see and what one actually sees”
(Solso, 1997, p. 122). One example of visual dissonance is the reaction by Americans to
pictures and videotapes of the planes flying into the World Trade Center towers in New
York City. It was such a surreal experience, many individuals had difficulty at first
believing what they were seeing.
Similar to Piaget’s disequilibrium theory, when visual dissonance occurs the

viewer either accepts or rejects what is seen. If acceptance occurs, there are several
ways the visual dissonance may be overcome: (a) one or more o f the dissonant elements
may be considered inconsequential, (b) an individual may reinterpret what is seen, or (c)
one o f the dissonant elements may be changed by the viewer to “fit” the norm.
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Image-Based Learning

Biology is one o f the most visual disciplines (Wandersee, 2000) and provides a
rich context in which to study image-based learning. During observations o f images, the
learner interprets visual cues through a complex cognitive process (Solso, 1997) that is
dependent upon knowledge, prior experiences, conceptual understanding, the capacity to
situate an image in context, and the manner in which the information is received through
the eyes (Manuel, 1986). Even though two different individuals view the same lines and
forms, their interpretations may be vastly different depending upon their cognitive
schemas (Solso, 1997).
When an individual is unable to make sense of what is viewed, visual dissonance
may occur. If the individual is unable to make sense o f what is seen, it is either resolved
or avoided (Solso, 1997). Manuel (1986) posits that since humans make sense with their
minds, no truly objective or unbiased observation can be accomplished, and what is
presented to students by teachers is not always understood or remembered accurately.
Advancements in technology have provided greater access to locating, creating
and reproducing images and as a result, our environment is becoming increasingly
visually dominant. Image-based learning offers opportunities for students to leverage
images in the learning process and become visually literate.
Information Processing Theory
The information processing (INFOPRO) paradigm proposes that when light
energy is detected by the eye, it transfers to neural energy and the flow of information
travels through a series of stages in the brain “(physical energy—>eye-»visual
cortex—>associative cortex)” (Solso, 1997, p. 5). Each stage receives the information,
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processes it and sends it to the next stage, in a type o f‘“conveyer belt’ model” (Solso,
1997, p. 5). This sequence o f procedures is repeated throughout the process o f viewing
an object as the eye focuses on the individual components.
Once the information travels from the eye, the brain draws on its vast warehouse
o f knowledge through a multitude o f connections, organizes the information into
patterns, and begins to interpret what is seen.
Parallel Distribution Processing Theory
Rather than information being processed in a linear, clearly defined path through
a series o f steps, the theory o f parallel distribution processing (PDP) o f information
posits that information is processed through “simultaneous activation o f many areas, a
process that is labeled ‘massive parallelism’” (Solso, 1997, p. 32). Neurons pass
information to many other neurons in an increasingly complex network that allows
accurate processing within a very short time. Solso (1997) believes that the PDP model
helps explain how humans can process information so quickly, something that would not
be possible if information had to travel through a series of linear steps. Recent research
indicates that even when reaction time is factored in, individuals recognize objects in less
than one-third o f a second. However, visual recognition o f objects in the absence o f the
reaction time required to respond to a stimulus would take much less time (Solso, 1994).
Dual Coding Theory
Paivio (1991) studied the role o f imagery in learning, and found that
verbal/linguistic information and nonverbal information are coded differently in memory.
He proposes that verbal/linguistic information is coded into a verbal coding system, and
that nonverbal information is coded in an analog method into a separate imaginal coding
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system. Nonverbal information includes visual cues, sounds, smells and touch. Paivio’s
dual-coding theory states that the verbal memory traces are weaker and are only coded
in the verbal/linguistic system while highly imaginal information is coded in both verbal
and imaginal systems. Serial processing occurs in the verbal/linguistic system, and
simultaneous processing occurs in the imaginal system. Although the two systems
function independently, they are interconnected, and can initiate or share information.
However, because the imaginal information is coded in both systems, it is more easily
remembered and can be recalled more effectively (Wandersee, 2000). Therefore,
pictures are remembered more easily than words, and concrete words are remembered
more easily than abstract words (Paivio, 1991).
Paivio’s research findings have applications in testing biological concepts and
understanding. Wandersee (2000) offers the following suggestions based on the duality
o f the systems: (a) photographic images can “serve as an alternative cognitive portal” (p.
133) when assessing students’ understanding, (b) for testing purposes, it is preferable to
use images that have not been previously analyzed, (c) providing assessments that probe
for understanding through verbal responses as well as visual-verbal responses take
advantage o f the dual portal avenues that help access long-term memory, and (d) to
maintain authenticity students should have weekly opportunities to engage in imagebased learning.
In a study to determine the effects o f multimedia-based lessons, Mayer & Sims
(1994) presented lessons that compared the workings o f a bicycle pump to the human
respiratory system. They found that when multimedia-based lessons simultaneously
presented animation and narration, their students showed greater problem-solving
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transfer ability when compared to students who experienced animation and narration
consecutively (Mayer & Sims, 1994).
Mayer & Sims (1994) also found that spatial ability correlated positively with
concurrent presentation, but not with consecutive presentation. They theorize that
students who have low spatial ability compensate by devoting more cognitive resources
to constructing visual representations than high spatial ability students. Mayer and Sims
also present the claim that students who have prior knowledge o f a specific topic may
not need imagery. However, those students who do not have prior knowledge and
possess high spatial ability are most likely to benefit from dual presentations of verbal
and visual instruction (Mayer & Sims, 1994).
Building upon Paivio’s theory, Mayer and Sims (1994) propose a dual-coding
theory of multimedia learning. They posit that when verbal information is presented, the
learner constructs a verbal representational connection, and when visual information is
presented, the learner’s mind constructs a visual representational connection. A
referential connection bridges the two mental constructs and maps the structural
relationship between the verbal and visual inputs. All three connections, the verbal
representational connection, the visual representational connection, and the referential
connection, must be in place to promote meaningful learning and transfer of problem
solving skills (Mayer & Sims, 1994).
The dual-coding theory presented by Paivio is also supported in a study that
implemented imaginal elaborations and visual materials in educational psychology
lectures to assess memory retention of main topics over time (Lapadat & Martin, 1994).
Lapadat & Martin (1994) found that their subjects scored higher on quizzes and were
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able to report more significant events when the instruction included imaginal
elaborations, than when it was only verbally presented. The effects were still evident
three months later.
Use o f Graphics and Illustrations in the Learning Process
It is often said that a picture is worth a thousand words. How true is this
statement when situated in learning? Mayer and Gallini (1990) state that an illustration is
worth 10,000 words when the accompanying text is understandable, the value is
measured in terms o f student understanding, the illustrations provide information that
inform the text, and when the students do not have prior experiences with the topic. In
biology, illustrations and graphical representations can be used to assist the learner in
understanding the text in a number o f significantly important ways. Not only can
graphics provide another method to explain difficult concepts and address various
learning styles, graphics can also assist the learner in organizing expository information
and conceptualizing information for greater understanding and problem solving
(Hegarty, Carpenter & Just, 1991).
The value o f using graphics to aid student learning is dependent upon the
cognitive abilities and experiences o f the student. Levie and Lentz (1982) conducted a
literature survey comparing learning outcomes from the use o f text verses illustrated text
and concluded that learning was positively impacted for poor readers when the
illustrations and text were equivalent.
Hegarty, Carpenter and Just (1991) found that students read three or four clauses
on average and then attended to the diagrams. The process was repeated several times,
and when the reading was completed, the students attended to the diagram for a longer
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period of time. While readers are reading the text and reviewing the accompanying
diagrams, they may be connecting the information to their previous experiences
(Holiday, Yore & Alvermann, 1994). In order to understand a diagram, the learner must
have the relevant knowledge to make sense o f the information presented (Hegarty et a l,
1991).
If graphics are too complex for the learner, they may not be valuable to learning
because o f the difficulty in understanding the information presented (Levie & Lentz,
1982). Providing too much detail may actually present a barrier to learning, and less
complicated, simpler illustrations may in fact produce greater learning (Dwyer, 1969).
Illustrations that do not match the text also present barriers to learning. In their
research Glenberg and Langston (1992) found that when a picture was incongruent with
the text, students performed more poorly than when no picture was used. They also
concluded that pictures can help build working memory for higher order thinking skills
by freeing up capacity and serving as a type o f external memory (Glenberg &
Langston, 1992).
Guidelines for including illustrations with accompanying text have been presented
by Braden (1996). The suggested criteria provide a framework for using illustrations
and include (a) uncommon objects should be illustrated, (b) the greater the number of
words used to describe something, the greater the need to illustrate it, (c) if an analogy
can be made to a common object it may not require an illustration, (d) if an object's
appearance is important, it should be illustrated, and (e) writers should follow their own
instincts if they believe an illustration is needed to illuminate the text.
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Wandersee (2000) has identified five attributes o f photographs that present a
rationale for incorporating photographic images in the biology classroom:
When used in common with other students in the course, life science photographs
can: (a) serve as a “shared workspace” for thinking about biological questions
and issues, (b) provide external memory storage that maintains an accurate view
o f objects or events, and stores more information than human memory alone can
store, (c) capture (freeze in time) the spatial arrangement o f objects or events o f
interest, (d) provide the imagery necessary to anchor relevant concepts, principles
and theory in long-term memory, (e) serve as a primary, complementary, or
redundant communication channel for biology learning, (p. 132)
Clearly, these characteristics provide a multitude o f opportunities to enhance and extend
the learning o f biological concepts through the use o f photographs. While photographs
offer the learner another tool for learning, they can also serve as rich assessment
instruments to probe student understanding. Wandersee cautions the reader to critically
analyze photographs and recognize their limitations. A photograph may not depict an
exact representation o f a phenomenon or object in nature or it may exclude important
information. In addition, one should refrain from “overgeneralizing from photographs,
foiling to realize the limited range o f images supplied to the learner” (p. 132).
Photographs Influence Perceptions and Beliefs
During the 19th Century, when photographs were first introduced, and available
in publications, there were many complaints about “photographic distortion” (Novitz,
1977, p. 110). However, William Ivins proposes that this reaction by people was
because “the camera had not been taught, as human beings had been, to disregard
perspective in most o f its seeing” (as cited in Novitz, 1977, p. 110). Once people
became more and more familiar with photographs, they began to accept them “as the
norm o f truthfulness in representation” and they “began to see for themselves things that
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previously it had taken the photograph to reveal to their astonished and protesting eyes”
(Ivins, as cited in Novitz, 1977, p. 110). Novitz states that photographs and their use in
“communication has had a profound and radical influence on our beliefs and on the way
in which we see the world. Photographs are no longer distorted images, but reveal the
way things ‘actually are”’ (Novitz, 1977, p. 111).
Photographs may not only encourage the viewer to notice features that may
previously have been missed, but they may also “enlist loyalties, reinforce or undermine
our values, and in so doing strengthen, create or even destroy beliefs” (Novitz, 1977, p.
112). Photographs can be powerful tools in influencing perceptions.
Biology Textbooks
Recent surveys conducted by the American Association for the Advancement of
Science (AAAS) indicate that biology textbooks do not meet current learning standards
(AAAS, 2000). The researchers found that while the textbooks contained a plethora o f
vocabulary and were filled with unnecessary minute details, little attention was given to
addressing the “Big Ideas” in science, and fundamental concepts that provide the context
for understanding were lacking. Dr. George Nelson, Director o f Project 2061, an
initiative supported by AAAS, described the textbooks as covering a wealth o f facts but
not allowing enough in-depth study to build student understanding.
Of the ten most widely implemented biology textbooks evaluated, none were
found to be satisfactory. (The textbook used by the students in this study, Biology: The
Dynamics o f Life, was included in the evaluation.) Dr. Jo Ellen Roseman, director o f the
study, reported that the textbooks were nothing but missed opportunities for learning,
and cited a number o f serious shortcomings in the textbooks. One particular cogent
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observation to this study was made by Dr. Roseman when she described the illustrations.
“While most o f the books are lavishly illustrated, these representations are rarely helpful,
because they are too abstract, needlessly complicated, or inadequately explained”
(Roseman, 2000, p. 2).
In 1987, Evans, Watson and Willows published the findings o f a comprehensive
study that investigated textbook illustrations and their use by teachers to impact student
learning. More than 60 textbooks from nine major publishing houses were reviewed. In
addition, the publishers were surveyed to determine what mechanisms were in place to
make decisions about illustrations to accompany the text, and 20 teachers were
contacted for input.
The authors found that “research plays little role in the decision-making process”
(Evans, et a t 1987, p. 89) and that it appeared decisions were based on the beliefs of the
designer, and limitations on material availability and economic factors. Clear, consistent
rationales for decisions regarding illustrations were lacking in all o f the publishers
surveyed. Attractiveness, high interest to the reader, and breaking up blocks of text
were the primary considerations. In the majority o f the accompanying teacher’s guides
“illustrations were regarded as a second medium to communicate and to represent
selected concepts” (p. 91). Information on how to use the illustrations varied widely
across the manuals. While some manuals didn’t even address the illustrations, others
called attention to them but they didn’t offer much in the way of meaningful strategies to
use the illustrations with students.
Rather than the illustrations being tailored to impact student learning, they were
included to make the books attractive and increase sales. The researchers found that the
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publishers and teachers believed the illustrations were included for attention-grabbing
and motivational purposes, and not for student teaming. Consequently the teachers did
not give “much serious thought” (p. 93) to using illustrations to reinforce student
understanding. An initial component o f the study also inchided observations in the
classroom. However, after 20 hours o f observations “aside from the occasional
reference to maps or classroom display materials, little was observed to record” (p. 91)
and that portion of the study was abandoned.
Qualitative Research Methods

Qualitative researchers study complex “multiple, socially constructed realities or
‘qualities”’ (Glesne & Peshkin, 1992, p. 6) to effectively situate the research in context
and understand how participants “construct the world around them” (p. 6). Qualitative
inquiry is not prescriptive and allows the researcher the flexibility to use a variety of
methods that “can provide important insights and knowledge” (Nelson, et al., cited in
Denzin & Lincoln, 1994, p. 3).
The research is conducted in natural settings to understand social phenomena and
“involves the studied use and collection of a variety o f empirical materials—case study,
personal experience, introspective, life story, interview, observational, historical,
interactional, and visual texts—that describe routine and problematic moments and
meanings in individuals’ lives” (Denzin & Lincoln, 1994, p. 2).
Pinar’s (1988) description o f the dynamic nature o f qualitative research provides
rich fodder for reflection:
As scientific understandings o f the natural and physical world change, so do
understandings o f the human world. The quantitative effort to capture, and make
static our world derives from an interest to control and predict. Such an effort
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will continue to fail as long as human beings resist control. Qualitative research
is politically progressive, as it is epistemologically sophisticated, because it
understands that a bask meaning o f human life is movement, conflict, resolution,
conflict, resolution, each thesis and anti-thesis opposing each other in ways which
give birth to a new order o f understanding and life. (p. 151)
“The openness o f qualitative inquiry allows the researcher to approach the
inherent complexity o f social interaction and to do justice to that complexity, to respect
it in its own right” (Glesne & Peshkin, 1992, p. 7).
Ethnography
Ethnography is a term that is derived from a Greek root that means writing about
others (Erickson, 1986) and ‘is written representation o f a culture (or selected aspects o f
a culture)” (Van Maanen, p. 1, 1988). The ethnographer becomes the “primary
instrument of research” (Zaharlkk, 1992) and focuses on the following aspects of the
human condition; “what people do (cultural behavior), what people know (cultural
knowledge), and the things people make and use (cultural artifacts)” (Spradley, 1980,
p. 5). Emerson, Fretz and Shaw (1995) propose that ethnography involves two general
activities:
First, the ethnographer enters into the social setting and gets to know the people
involved in it; usually the setting is not previously known in an intimate way. The
ethnographer participates in the daily routines o f this setting, develops ongoing
relations with the people in it, and observes all the while what is going on.
Indeed, the term “participant-observation” is often used to characterize this basic
research approach. But, second, the ethnographer writes down in regular,
systematic ways what she observes and learns while participating in the daily
rounds o f life o f others, (p. 1)
Although many different forms o f data collection are employed by ethnographers,
observation is the primary method, “with the observer immersing himself/herself in the
‘new culture’” (Delamont, 1992, p. 8). “Immersion enables the fieldworker to directly
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and forcibly experience for herself both the ordinary routines and conditions under which
people conduct their lives, and the constraints and pressures to which such living is
subject” (Emerson, et aL, 1995, p. 2). This study used the techniques espoused by
Emerson, et aL (1995) to observe, interview and write ethnographic field notes.
As participant observers (Atkinson & Hammersley, 1994), researchers practice
reflexivity and interact with the participants on various levels (Delamont, 1992).
Delamont (1992) defines reflexivity as “a social, scientific variety o f selfconsciousness...(and) it means that the research recognizes and glories in the endless
cycle of interactions and perceptions which characterize relationships with other human
beings” (p. 8).
Case Study
Case study involves designing a study that examines phenomena within a defined
system. Stake (1994) posits that a case study can be either simple or complex; a study o f
only one person, or that o f a large group, and that often researchers are more interested
in the phenomenon than in the actual case studied. Quantitative and qualitative research
methods or a combination o f the two may be practiced and case study is “both the
process o f learning about the case and the product o f our learning” (p. 237). Stake
posits that meaning is socially constructed and that “the case researcher emerges from
one social experience, the observation, to choreograph another, the report. Knowledge
is socially constructed—we constructivists believe—and thus case study researchers
assist readers in the construction o f knowledge” (p. 240).
While significant generalizations may not be made based on one case study, Stake
(1994) believes that the case study “can usefully be seen as a small step toward grand
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generalization” (p. 238). He further emphasizes that while the “case study is a part of
scientific method...its purpose is not limited to the advancement of science” (p. 245).
Rather, “case studies are o f value in refining theory and suggesting complexities for
further investigation” (p. 245).
Yin (1994) espouses that the need to use case study designs “arises out of the
desire to understand complex social phenomena...(and it) allows an investigation to
retain the holistic and meaningful characteristics o f real-life events” (p. 3). He believes
that case studies are generalizable to theoretical applications, and not to specific
populations, “and the investigator’s goal is to expand and generalize theories (analytic
generalization) and not enumerate frequencies (statistical generalization)” (p. 10).
Donmoyer (1990), citing a belief by Stake that case studies are a means for
providing vicarious experiences to study phenomena, describes three case study
advantages:
1. Case study allows access into other lived experiences and provides
accessibility into areas that may not be readily available to the reader.
2. Case study allows the reader to “look at the world through the researcher’s
eyes and, in the process, to see things we otherwise might not have seen”
(p. 194)
3. Through the vicarious experience o f reading a case study, Donmoyer believes
that the “vicarious experience is less likely to produce defensiveness and
resistance to learning” (p. 196) and the reader may be open to more selfanalysis.

75

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Ethical Issues
Conducting qualitative research is so personal and emotionally connected it blurs
the difference between research and personal relations. This intimate nature of
qualitative research demands that the researcher be mindful o f the ethical issues that are
involved. These issues should be acknowledged and addressed to maintain the integrity
o f the research and protect the participants. Patai (1991) stresses that “we must raise
questions about the ethics o f our behavior in relation to those on and with whom we do
our research” (p. 138).
One primary issue to consider in conducting research is that o f privilege. Power,
and who holds that power is central to any study. Responses to interview questions,
behavior of the participants, and general reaction to events may be greatly influenced by
power relationships. Patai states that to mediate these factors, researchers attempt to
“strike a balance that neither exploits the researched nor imposes on them...[my] own
psychological demands” (Patai, 1991, p. 147). To maintain ethical standards and protect
participants, researchers “safeguard their rights, their interests, and even their
sensitivities” (Spradley, 1980, p. 21).
Conclusion
Even before the turn o f the twentieth century, John Dewey (1990) envisioned
schools as communities o f learners where children were celebrated, and encouraged to
explore, share their thoughts and make sense o f their world in a non-threatening
environment. Rather than our schools reflecting this kind o f atmosphere that is
conducive to learning, many o f our schools are restrictive and regimental. Knowledge is
perceived as something that is passed on from the expert teacher to the novice student,
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and few opportunities exist for students to develop critical thinking and problem-solving
skills (National Center for Education Statistics, 19%).
As evidenced by the research in this review, many factors are involved when
preparing students to be successful in our constantly changing world. The roles o f the
teacher and learner, the curriculum, teaching, learning and assessment constructs, prior
knowledge as well as the environment in which the learning occurs, are important
considerations.
The Human Constructivist model of meaningful teaching and learning provides
the freedom and flexibility to both the teacher and student to address individual learning
styles, build shared understandings and make critical connections. The body of evidence
presented clearly indicates that Human Constructivist learning strategies offer
opportunities for individuals to “construct progressively more powerful explanations of
the world.. .and empower them to evaluate and challenge the knowledge and value
claims o f others” (Mintzes, Wandersee & Novak, 2000, p. xx). Rather than merely
providing information, teachers are facilitators who create learning environments that
validate diversity and risk-taking, and assist students in scaffolding their learning through
meaningful experiences, thus building knowledge for future teaming experiences.
Technology advancements are also providing new evidence that supports
changing traditional modes o f teaching. Current brain research indicates that the
attributes o f constructivism complement teaming through a variety o f ways including
language acquisition and development, conceptual understanding, and organizing
information for meaningful interpretation.
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Visual perception and Paivio’s (1991) dual-coding theory adds another layer o f
meaning-making under the umbrella o f constructivism. Visual perception is dependent
upon prior experiences and unique to each learner. Dual-coding theory posits that
because verbal (linguistic) and imaginal (sights sounds, smells, touch) systems are coded
differently, the implications for learning through imagery are significant. Since verbal
learning tends to be coded only in the verbal portal, and imaginal learning is coded in
both the verbal and imaginal portals, the synergism created by coding in both systems
assists in memory retention and retrieval These findings support the use o f images in the
learning process.
Assessing student learning appropriately is as important as producing rich
learning environments because it is through assessment that teachers gain knowledge and
insight into their students’ thinking. Alignment o f assessments to instructional strategies
is critical to informed assessment o f student learning. Rather than relegating assessments
to end o f the unit tests for grading purposes, thoughtful assessments for the purpose of
improving student learning and developing self-assessment skills should be ongoing. The
evidence suggests that image-based assessment strategies provide open-ended
opportunities to assess students’ understanding in a variety o f ways, encourage students
to practice metacognition as well as provide a medium that helps code the information in
long-term memory.
A qualitative research design was chosen because it complements the recursive
nature of constructivist teaching and learning attributes. Qualitative data gathering
allows for many different facets o f the study to emerge as the study progresses, and
assists in contextualizmg the story.
78

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Incorporating constructivist methods in the processes o f teaching and learning
requires a complete re-tooling o f educational practices. While most educators agree
that experiential learning is most effective, few are sufficiently convinced to revamp their
programs to ensure meaningful learning occurs. Continued research within the
constructivist paradigm using image-based learning models is essential. As additional
data are gathered and analyzed, the body o f research will continue to grow and offer
insight into this complex image-based teaming arena. Resnick (1989) posits that
“cognitive theories tell us that teaming occurs not by recording information, but by
interpreting it. Effective teaming depends on the intentions, self-monitoring,
elaborations, and representational constructions o f the individual learner’' (p. 2). What
better way to interpret information than through images?
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METHOD AND MATERIALS
The methodology chosen for this study is qualitative in nature and defined as an
ethnographical case study. This type of study is congruent with the Human
Constructivist paradigm and allows for a broad range o f techniques and ideas to be
incorporated in the research. As Pinar (1988) attests, qualitative research is dynamic and
allows the researcher the opportunity to shape and reshape the process as the research
evolves.
The study employed diverse methods o f data collection to triangulate the data.
The three principal types o f triangulation described by Delamont (1992) were used
throughout the study; between method, between investigators, and within method. In
this study, between method triangulation included observation fieldnotes, participation,
in-depth interviewing, kinesic analysis, and artifact analysis (Marshall & Rossman, 1995).
Two researchers conducted the study, so between investigators triangulation was
incorporated. Within method triangulation was utilized as occasions occurred.
Institutional Review Board Approval
An application for exemption from the oversight o f the Louisiana State
University Institutional Review Board IRB was submitted to the board and approved.
The criteria to satisfy requirements for exemption included (a) conducting the research
in an established educational setting with the approval o f the district superintendent,
school principal and classroom teacher, (b) involving educational practices and
assessment strategies, (c) securing informed consent from the subjects and their parents
or guardians, and (d) assigning pseudonyms for all subjects to ensure complete
anonymity when reporting the results. An abstract o f the proposed study, copies o f the
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consent forms and the interview protocols were also submitted to the IRB for review.
See Appendix A for a copy of the approval
Procedures
A tenth-grade biology class in a rural Mississippi Delta school was chosen to
participate in the study, and permission to conduct the study was secured from district
and school administrators, the teacher and students. Whole-class and small-group
activities and interventions were conducted. Various instruments and activities were
designed to provide information cogent to the research questions. A culminating activity
involved the students using a digital camera to take their own pictures to share with their
peers to discuss the biological implications depicted in the photographs.
Two researchers assumed the role o f ethnographers to gain a sense of school and
classroom cultures and situate the study in context. Classroom visits were made almost
daily over a five-week period. During that time data were collected through classroom
observations, participant interviews, artifacts, and various activities.
The dynamics o f incorporating photographic images using constructivist teaching
strategies in the learning process were observed and analyzed in several contexts. The
current level o f use o f photographic images was assessed, students were given
opportunities to analyze and interpret photographic images to assess their understanding
of science concepts, and students were provided digital cameras to take their own
images to analyze and discuss.
A thorough review of the textbook using ScanMaster II® was also conducted.
This instrument measured the photographs, diagrams, and other representations found in
Biology: The Dynamics o f Life, a popular textbook distributed by Glencoe Publishing, to
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determine the percentage o f each graphic depicted in the book. Comparisons were made
between the pictorial representations and text by book unit.
Participant Consent
Student consent forms and their respective parent or guardian forms were
secured from all o f the students in the classroom. The consent forms included (a)
purpose o f the research, (b) procedures to be followed, (c) potential risks involved in the
study, (d) potential benefits that may result from participation, (e) opportunities for
students to remove themselves from the study, and (0 assurance of confidentiality o f
research findings. Copies o f the forms are in Appendix B.
Participants
Thirty-six students (33 African-American, 3 white) comprised the classroom
population. Many o f the students were from single-parent families, and 81% were
identified as eligible to participate in government-subsidized breakfast and lunch
programs. They were heterogeneously grouped and exhibited a broad range o f
intellectual abilities and personality traits. The biology course they were enrolled in is
required for graduation, and is typically offered at the tenth grade.
Small-firoup Selection
With assistance from Ms. Ford, five students were selected to participant in indepth interviews and activities. The group needed to be representative o f the class as a
unit, and particular attention was paid to issues o f gender and student performance in the
classroom to ensure we selected a heterogeneous group o f students. O f primary concern
were their communication skills. AH five had to be highly verbal and willing to
participate, especially since their participation also meant they would be leaving the
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classroom almost daily for some portion of the time. To accomplish this the students
had to be willing to assume the extra burden o f making up anything they missed. Three
African-American boys and two African-American girls were chosen to participate.
Readjustment o f the Study
From the beginning o f the development o f the study, the plan was to correlate
everything with the content currently being presented in the classroom. However, since
no new content was being introduced, except what was being done through student
presentations, it was not possible to meet both the needs of the study and reinforce
current classroom content. Recognizing immediately that adjustments in the original
plan had to be made, the idea of confining our study to the parameters o f content
currently being presented was discarded. Free from those constraints allowed a variety
o f photographic images to be chosen both from content that had already been covered as
well as new content without compromising the students’ classroom performances.
Setting
Johnson High is located in Lawrenceville, a rural, historically underserved district
in the Mississippi Delta about 30 miles from a large, metropolitan city. The school, one
o f two public high schools in the district, houses 392 ninth- through twelfth-grade
students. According to the 2000 Census, the district population is 47.1% AfricanAmerican and 51.8% white. However, as shown in Table 1, the majority of the white
students in the district attend one of two private schools, leaving Johnson High with a
disproportionate number o f African-American students.
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Table 1
Johnson High School Demographics

White Students
African-American Students
Other

Number

Percentage

24

6%

368

94%

0

0%

An accountability system mandating significant student achievement gains was
implemented two years ago in elementary and middle schools across the state.
Consequently, elementary and middle schools receive a School Performance Score (SPS)
based in large part on student performance, with 60% o f the score dependent upon the
criterion-referenced test (CRT), 30% on the norm-referenced test, and the remaining
10% calculated from attendance and dropout rates. The SPS is published in a School
Report Card for Parents that provides additional information about the schools; test
scores, faculty qualifications, class size, attendance and dropout rates. The schools’
results are compared to the overall district and state results. Spring 2001 marked the
first year for high schools to participate in the accountability system and receive a SPS
during the 2001-02 academic-year. The report cards for high schools will be published
later this year.
In keeping with the national trend towaid meeting content standards, the CRT is
rigorous and requires students to think critically, problem-solve, and provide
explanations to open-ended questions. Five achievement levels describe the designations
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for the state’s criterion-referenced test (CRT); advanced, proficient, basic, approaching
basic and unsatisfactory. An unsatisfactory designation is failing.
Johnson High student achievement scores on the Spring 2001 CRT given at the
10th grade are among the lowest in the state. While students at 10th grade performed
better on the English language arts portion o f the Spring 2001 criterion-referenced test
(CRT) than they did the mathematics portion o f the test, as evidenced in Table 2, almost
50% o f the 10th grade students failed mathematics.
Table 2
Johnson High School Spring 2001 Criterion-Referenced Test Results for 10lh Grade

Mathematics

English Language Arts

Advanced

0

0

Proficient

2

2

Basic

30

36

Approaching Basic

21

39

Unsatisfactory

47

23

(N=90)
(Reported in Percentages)

Table 3 presents the ACT scores for Johnson High. The average composite
scores will prevent many students from entering universities. Typically in this state,
rather than relegating the test to those who have plans to attend college, most students
are encouraged to take the ACT which can account for overall lower scores.
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Table 3
Johnson High School 2001 ACT Scores Compared to State Scores

Student Composite
Count

English

Math
Reading
Science
___________________ Reasoning

Johnson
High
School

63

15.6

14.7

15.4

15.6

16.2

State

37,165

19.6

19.7

18.8

19.7

19.7

The two middle school feeder schools for Johnson High and two out o f the three
elementary schools in the district have received an “Academically Below Level” SPS,
and are in danger o f receiving corrective action from the state. These statistics provide
some indication as to performance levels o f ninth-grade students entering Johnson High.
Many o f the teachers in the school are not certified. Some teachers have not
been able to pass the certification tests while others are teaching outside their fields. A
further complication is low teacher pay. Neighboring districts are more affluent and
offer $6-8,000 more than LawrenceviDe, contributing to the high teacher attrition rate.
Interviews
Formal and informally structured interviews were conducted with the
participants. Pre-established questions served as springboards during these “open-ended
ethnographic (in-depth) interview(s)” (Fontana & Frey, 1994). Since the researcher’s
interpretations are grounded in the student’s voice (Southerland, Smith, and Cummins,
2000), the researchers attempted to “adapt to the world o f the individuals studied and try
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to share their concerns and outlook” (Fontana & Frey, 1994, p. 371). Questionnaires
were developed to facilitate the discussions.
The five selected students and the teacher were interviewed during the first two
days of the study to provide context and insight into the participants’ cultural mores,
determine the current level o f use of the biology textbook photographs and gather
baseline data prior to conducting interventions. Permission was granted to remove the
students from the classroom, and the interviews took place in the library. The teacher
was interviewed in her classroom during a time she had available.
In keeping with guidelines compatible with ethnographical research, the questions
only helped shape the interviews. The researchers interacted on a personal level with the
participants and responded accordingly to their input, affording them opportunities to
share openly and without constraint.
Observation Fieldnotes
Observation fieldnotes were the primary method of data collection throughout
the study. The fieldnotes were written in the first-person when describing the
researchers’ experiences and in the third-person when describing the actions and
experiences o f others (Emerson, et aL, 1995). Observations were made daily and began
as soon as the researchers entered the school grounds. Fieldnotes were transcribed
within 24 hours o f observations to retain the integrity of the information collected.
Data Analysis
An inductive approach was incorporated to uncover categories, patterns and
themes that emerged during the data collection process (Janesick, 1994). The
researchers attempted to stay “close to the data” (Janesick, 1994, p. 215) in an effort to
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report the findings. Following the suggested plan presented by Emerson, Fretz, and
Shaw (1995) on analyzing data, the researchers carefully read the fieldnotes and used
open-coding techniques to determine patterns and themes. While coding, the following
questions were asked: “What are people doing? What are they trying to accomplish?
How, exactly, do they do this? What specific means and/or strategies do they use? How
do members talk about, characterize, and understand what is going on? What
assumptions are they making? What do I see going on here? What did I learn from
these notes? Why did I include them?” (Emerson, et aL, 1995, p. 146).
Since the goal o f fieldwork “is to generate theory that grows out o f or is directly
relevant to activities occurring in the setting under study’' (Emerson, et al., 1995, p.
167), the researchers attempted to “render the data meaningful” (p. 168) through
analysis. Interviews, observations, presentations, student work and other artifacts
provided an in-depth, contextualized description o f the community o f learners.
Nonverbal Analysis
How participants reacted to various questions or situations were sometimes more
meaningful than what is actually said in response. Gorden (1980) has identified four
types o f nonverbal communication:
1. Proxemic communication uses interpersonal space to communicate attitudes.
2. Chronemics communication deals with the pacing o f speech and length of
silences in conversations.
3. Kinesie communication is the way the body is used to convey feelings or
attitudes.
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4. Paralmyiiistic communication is the change and variation in volume, pitch and
voice quality.
Each o f these elements provided important information. “Looks, body postures, long
silences, the way one dresses—all are significant in the interactional interview situation”
(Fontana & Frey, 1994, p. 371). The researchers attempted to be cognizant o f the
subject’s nonverbal cues during each interview.
Role o f the Researcher
The primary role o f the researchers in this study is one of learner that “entails a
way o f being present in everyday settings that enhance...awareness and curiosity about
the interactions taking place” (Glesne & Peshkin, 1992, p. 54). The researchers
participated in class activities and discussions to gain understanding of the class culture
and science content knowledge o f the students. As Human Constructivists, the
researchers acknowledge biases toward the construct and attempted to remain as
objective as possible in the reporting. Throughout the process o f conducting the research
the researchers attempted to practice a form o f metacognition while acknowledging
investigator effects to try to understand those effects and situate them accordingly.
Instrument Development
The students were asked to describe their experiences at school in detail and
include all aspects o f schooling. The open-ended question format allowed the
participants to elaborate and fully explain their answers and provide insight into their
perspectives and experiences at school Additional interview questions requested that
students (a) describe a typical biology class, (b) explain the frequency o f use o f the
textbook and any diagrams, graphs, concept maps or photographic images they may have
89

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

referred to during the year, (c) discuss how the new state testing program has impacted
them, and (d) provide an overview o f the classroom test policies. See Appendix C for
the student interview protocol.
Conducted in a same manner as the student’s interviews, the teacher was also
given opportunities to guide the conversatioa She was asked to describe her (a) teacher
preparation background, (b) current teaching conditions, (c) feelings about the state
testing program, (d) classroom teaching techniques and testing procedures, and (e) use
of pictorial representations to reinforce learning. See Appendix D for the teacher
interview protocol
An initial interview was also conducted with the principal and librarian. Post
interviews were conducted with the students at the conclusion o f the study.
In order to construct scientific meaning from photographic images, the following
first three tasks, with specific purposes in mind as outlined by Wandersee (2000), were
incorporated in the classroom. Initial plans included evaluating and rank-ordering the
photographs and debating their merits as outlined in numbers 4 and 5 below, but
classroom constraints prevented us from competing these tasks. The first three
techniques were chosen to serve as “transformative tasks” (p. 134) in that they met the
needs o f the students, allowed for individual interpretation of the photographs and were
effective inquiry strategies that provided rich learning opportunities:
1. Writing detailed descriptions o f photographs.
2. Exchanging these written descriptions with peers to uncover and eliminate
any previously “missed” features.
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3. Orally interpreting the photographs in terms o f the biological content
knowledge learned to date.
4. Individually evaluating and rank-ordering a biology textbook chapter’s
photographs using a reporting template prepared by the instructor.
5. Informally debating the resulting evaluations and ranks in class.
In addition, Wandersee’s 20-Q Model of Image-Based Biology Test-Item Design
(Wandersee, 2000) was incorporated to measure student knowledge and understanding.
See Appendix E for a copy o f the modeL This model was chosen for whole class
activities, as well as individual sessions, because the assessment items are standardsbased, follow inquiry guidelines, allow for multiple explanations, and provide students
open-ended opportunities to leverage their strengths and draw upon all their areas of
expertise when interpreting the photographs.
Scale Master n with PC Interface*
The percentage o f space devoted to photographs and other visual images in the
chosen biology textbook was recorded by Scale Master n with PC Interface*. Designed
for use in architectural and engineering designs, this innovative tool measures the area or
volume o f a particular object or drawing. The actual measurement device has a small
wheel attached to it. The user runs the wheel over the selected image and the
measurements are recorded digitally within the device. If connected to a computer, the
interface feature takes these measurements and records them in an Excel* spreadsheet
allowing for further data manipulation and analysis. Each individual photograph,
diagram, and other graphic representation on every page o f the 1186-page textbook was
measured by the researchers using this tool
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RESULTS AND DISCUSSION
Contextual Background

We were pleasantly surprised during our initial visit to Johnson High to find an
attractive, modern-looking school The school building is only about 20-years-old,
which by state and local standards is relatively new. District budgets in the state are
notorious for not including capital improvement funds and most have not built or
substantially remodeled their school facilities in years. Many districts, especially those in
rural and urban settings, do not have sufficient maintenance budgets to adequately
protect schools against superficial or structural damage.
Nestled near the center o f town on the four-lane main street that runs north to
south in Marion, the two-story brick building is inviting to visitors. Large parking lots
with plenty o f available parking flank both sides o f the building. Unlike many o f their
counterpart suburban schools, there are few student cars in the parking lots, and most
students either ride the bus to school or are dropped off at school each morning.
The student body at Johnson High is small by high school standards, housing only
392 students. Although the district’s demographics are almost evenly split between
white and African-American inhabitants, we encounter few white students in the school
The majority o f white students attend one o f two private schools in the area that were
established in 1972 in reaction to a desegregation order. The private schools house
approximately 650 £-12* grade white students. The remaining white students in the
parish are either home-schooled, or attend schools in neighboring parishes.
The principal of the school Mr. Moore, is African-American. He was friendly
and courteous to us during the entire study. He has been the principal o f the school
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since it was opened in the mid-1980s and has spent his entire career in the parish system,
beginning as a teacher. The strong connection Mr. Moore has to the school is
exemplified through his obvious enjoyment o f working with his students.
A politically-charged school board has pressured the school system to make
changes in the school’s operations. Mr. Moore confided that the new state
accountability system has created apprehension and anxiety at the school. Students
attending Johnson High typically do not do well on standardized tests, and he expressed
some concern that the school may be labeled academically inferior under the more
stringent guidelines. Incoming students have been attending feeder schools, which for
the most part, have been labeled academically below average under the new
accountability guidelines, making it difficult to raise student achievement scores when
they arrive ill-prepared.
Mr. Moore was the only senior administrator assigned to the school The
school’s assistant principal resigned in December to take a higher paying position, and he
had not been replaced by the end o f the academic-year. It is obvious that Mr. Moore is
overwhelmed with the responsibilities of running the school Most mornings, much o f
his time is spent signing student late-attendance slips, making arrangements to cover
classes for absent faculty members, and handling discipline problems. From
conversations with faculty members, they believe things could be better, but recognize
that he is carrying a tremendous burden and is perhaps doing the best he can under the
circumstances. The students appear to respect him, and seem somewhat concerned
when threatened with the prospect o f being sent to his office to be disciplined.
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A large portion of his job is consumed with maintaining control o f student
behavior. Although it is a rural school, there are drug problems, chronic absenteeism,
and the pregnancy rate among the student body is “epidemic” as termed by Ms.
Domaigne, an English teacher at Johnson High. During one of our visits we experienced
a drug raid when eight police cars, including the regional drug task force with several
drug-sniffing canines, converged on the school grounds. We were observing in the
classroom when all o f a sudden the entire class got up and went to the one window in the
classroom to watch all of the activity. One student remarked, “Uh, oh, they’re back
again. I wonder who’s going to get it now?” Later, as the dogs were going up and
down each row of lockers, we had the chance to talk to one of the officers and asked
why they were here and if they had been alerted to a problem. The answer was no, they
routinely visited, but that occasionally they did find drugs. This visit was a preventative
measure to keep the “students on their toes” and provide practice for the task force
team.
Two events that provided insight into the extent o f drug abuse and police
involvement at the school were witnessed by Amanda on separate occasions as she was
walking in the hallway. In the first, she overheard a male student trying to cajole another
student into urinating into a cup for him because he had just been called out o f class to
take a drug test.
Later, Amanda encountered a student in the hallway who noticed she was
wearing an identification badge. “Are you a parole officer?” asked the student. “No,”
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she replied, “I am just a visitor.” “Oh, good,” said the student, “I thought maybe the
parole officer was here today.” Her voice sounded relieved as she continued on her way
to class.
Johnson High boasts o f having one of the largest ROTC programs in the nation.
The ROTC members, almost half o f the school’s population, are openly proud o f their
affiliation with the program. They enjoy wearing their uniforms once a week on ROTC

days and speak highly o f the advantages o f belonging to the group. ROTC members
attend a special class each day that addresses a variety o f topics that may include history,
civics or health concerns. The school had just received national recognition as one o f the
top high school ROTC programs, and the leader of the group, Mr. Brown, was ecstatic!
He was animated as he shared the good news with us, and delighted at receiving the
recognition.
Student Access to Resources
The librarian, Ms. Westbrook, was enthusiastic about her work and graciously
welcomed us into the library to conduct our interviews and activities. Prior to her
appointment as librarian two years ago, she was a communications specialist for
Southern University. She has enjoyed working with the students and expressed concern
about inadequate student access to information.
Ms. Westbrook reported that many o f the library’s books and other resources are
outdated. She only receives $1000 each year or about $2.50 per student, to spend on
replenishing her collection, an extremely low per-pupil expenditure. $300 o f those funds
have been allocated to purchase science related books or videos.
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Student access to the library is limited. They do not have study halls, and have to
seek permission from their teachers to come one at a tune to the library. To
accommodate students who may be able to come during their lunchtime, Ms. Westbrook
eats her lunch in the library. Although the library is not officially open after school ends,
students can come in for a few minutes; however, most students are unable to take
advantage o f that opportunity. However, teachers can schedule group visits for their
students to work on various assignments.
Access to computers and other forms o f technology is also limited. A total of 47
computers, an 8:1 ratio of students to computers, are housed in various parts o f the
school. A computer lab holds 22, and there are four in the library. The school is wired
for Channel One, a closed-circuit television system, that can provide access to current
news. Ms. Westbrook occasionally uses the system to show videos in classrooms from
her central location in the library. She indicated that she tried to show movies that had a
“stay off drugs” message, were educational or addressed a particular topic they were
studying. She mentioned showing Mr. Holland’s Opus and Jane Eyre for motivational
purposes.
When asked if there was anything she would like to add to the interview, Ms.
Westbrook said she would like to see a study period added to students’ schedules so
they would have more access to the library. In addition, she wanted to extend library
hours to open before and after school She added that all o f the teachers needed to be
trained on accessing the Internet so they could help their students when they visited the
library instead o f relying solely on her.
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The Students
Students appeared eager to talk to their friends when they came to school and
seemed to enjoy the camaraderie and boisterousness that resulted. They were well
behaved and courteous to us during our visits. We arrived early each day, usually before
the formal start o f the school day, and enjoyed listening to their animated conversations
and observing their interactions with each other. They were curious at first and clearly
wondered what we were doing on campus, but gradually began to accept us as part of
the normal school routine. One morning, a few days into the study, a small group o f
students were jostling each other on the outside steps, having a good time before school
began, when one girl looked at us and remarked, “Ok, guys, you better settle down.
What will our visitors think?” Another student was quick to point out, “Oh, I bet
they’ve seen a lot worse than that!” Everyone laughed, the bell rang, and it was time to
start another day.
Like Hausfather, school for these students was a place for them to get together
with friends and attending school to leam was secondary. Every student interviewed
about his or her school experiences mentioned social activity to some degree. “I like to
be with my friends” was a common theme. When asked about his experiences at school,
Todd responded,
It’s fun to come to school. I get here early so I can socialize with people. We
stand around laughing and joking. We talk about things that happened yesterday
and what we are going to do when you get home after school. You get to learn
in some classes. I learn mostly in math, biology and English. We go to classes
and the teachers give us assignments. They try [to teach] but most o f the people
[students in class] just talk.
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Loren, a young athlete anxious to prove his prowess on the varsity basketball
team, said, “I love eating and having conversations with my friends.”
Once the bell rang to signal the start o f school, students had only five minutes to
get to their lockers and into their classes. As each minute passed, the activity in the
hallways, like most high schools, became more and more frenetic. While there was still
the desire to chat with friends, the primary objective was getting to class before the bell
rings. Once it completed its ringing cycle the classroom doors were locked, and students
had to go to the office to retrieve a tardy slip. Even though there appeared to be an
earnest effort to get into their classrooms on time, a line o f students awaited to get the
principal's signature on a tardy slip each morning.
There had been several attempts during the year to encourage students to arrive
on time. At the beginning o f the academic-year, the policy was that anyone who didn’t
make it to class on time was sent to a tardy room manned by a teacher volunteer. But
the plan backfired because students were deliberately coming in late so they could all
meet in the tardy room. In December, another plan was devised that required giving
them zeros in the class they missed and an accumulation of eight zeros resulted in failing
that class.
“Our kids will try to get away with anything,” remarked one o f the teachers,
because students were then using all their tardies and stopping just short o f reaching the
maximum o f eight. The decision was made at that point to cap the number o f visits to
the tardy room to two per week, with the stipulation that if there were more than two
during a particular week, students would be suspended. A faculty member suggested
that sometimes the rules are not consistently followed and the inflection in her voice
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indicated she was somewhat exasperated over their inability to find a way to encourage
students to get to class on time.
The Teacher
Ms. Ford is a young, attractive African-American in her first year o f teaching.
She was friendly, personable and welcomed us into her classroom. Ms. Ford always
tried to accommodate our requests, and provided us as much contact time as possible
with the students. Although she had successfully completed her undergraduate degree
with a major in biology, and was able to pass her university coursework, she had not
been able to pass the required PRAXIS teacher’s exam to become certified. The
university she attended has been criticized over the past several years due to the high
number o f graduates unable to pass the teacher certification exam. Only 33 percent of
the College o f Education graduates passed the 2001 PRAXIS. However, many o f the
accepted students are not prepared to enter the college. Her graduating class had 36 out
o f 80 students accepted provisionally to the college as juniors because they had not
passed the initial part o f the teacher’s exam that measures basic reading, writing and
math skills.
When Ms. Ford graduated from college in July, 2000, she was unable to secure a
teaching position due in large part to not being certified. One o f Ms. Ford’s friends
alerted her to the vacancy at Johnson High toward the end of September. Ms. Ford
called the principal and was told to come in and start to work. She arrived one day and
was placed in the classroom the next day.
Ms. Ford believed she was well prepared in high school, and thought she was
getting everything she needed from the university to successfully pass the PRAXIS. It
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was terribly disappointing to her to realize she was not prepared well enough to pass the
test, and she is continuing to take additional coursework to work toward certification.
Ms. Ford does not believe her student teaching experience at the university lab
school prepared her for the “real world” in a regular class. She remarked that the
students at the lab school were “spoiled kids” and all she had were good experiences
teaching them. Ms. Ford made it very clear that the lab school was nothing like the
“troubled” school to which she was now assigned. She said, “The classes gave you
information but not how to present stuff in a regular class. Talking about it is one thing,
and saying the kids will love it. But doing it in this classroom is just not the same.”
Upon further reflection she stated that there was one class she took, adolescent
psychology, that realistically portrayed what a real high school class was like.
When she began teaching in late September, the students had been in school
almost six weeks. Mr. Moore told her to start her classes at the beginning of the year’s
curriculum because only substitutes had been in the classes, and the students had not
received adequate science instruction. Ms. Ford confided that she spent most o f her time
during the first semester looking for ways to control her students.
There was no formal orientation, or mentoring program offered to help prepare
her to teach at Johnson High. Ms. Ford indicated that since no one was assigned to
provide mentoring, she “went out and found somebody that could answer all my
questions.” The mentor she found assisted her primarily in negotiating the school’s rules
and procedures. She learned most o f the necessary information on an as-needed basis.
She added that the school had many new teachers this year making it even more difficult
to get the correct information.
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Students were released early every 2nd Monday o f each month to allow time for
teachers to attend professional development activities. Ms. Ford remarked that the
sessions had mixed results in impacting her everyday life in the classroom, and that some
o f the activities were more valuable than others.
With over 30 students in each o f her classes, Ms. Ford had difficulty teaching so
many students at one time, “I cannot even conduct lab lessons with so many students in
each class.” A student had mentioned earlier that the reason they didn’t have lab
activities was because the students didn’t want to pay for the materials. When
questioned further about the lack o f lab experiences, Ms. Ford explained that starting so
late in the year was a problem, and her students and their parents were reluctant to
contribute the necessary funds to support lab activities. Since the additional funds had
not been requested at the beginning o f the year, the students had balked on providing the
additional $15 to purchase materials. The school does not furnish consumable supplies
for science labs. However, there were only four microscopes available to serve 35 _
students at one time, and little evidence to indicate that there was sufficient equipment
available to conduct even the most rudimentary lab activities. By all accounts, lab
activities in this biology classroom were neither expected nor encouraged or supported
monetarily by administration.
Ms. Ford believed her greatest challenge was maintaining discipline. The way
she structured her classroom was a direct reflection of the difficulty she had keeping her
students on task. She admonished her students regularly in an effort to keep them quiet
and on task. Her voice could frequently be heard telling them to be quiet and get their
work done. The first time we conducted a whole class activity, I asked Ms. Ford to tell
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me what her method was for getting the students to move then desks into groups. She
said she had never let them put the desks in groups, and the one time before she had
them in groups she moved the desks herself the evening before so the classroom would
be ready, and avoid confusion.
I wasn’t surprised by this answer. One o f the problems in implementing studentdirected activities is that traditional teachers believe they need to orchestrate everything
for the students, instead of having the students shoulder much of the burden themselves.
When she found out I was expecting the students to move their own desks, she was
concerned they couldn’t accomplish the task without a great deal of confusion and acting
out. She suggested that maybe we could do it the next day when the room could be
prepared ahead o f time.
I assured her the students could move the desks themselves and modeled how it
could be done quickly and quietly. I asked the first two students sitting in the first and
second rows to serve as a model for the class, and gave them specific directions on what
was expected to get their desks into a group. The rest o f the class followed suit, two
rows at a time, and we were in groups in less than a minute. This particular instance
emphasized the point that Ms. Ford’s fear o f losing control o f her students has prevented
her from implementing classroom experiences that would require student movement or
meaningful interaction.
To maintain control, Ms. Ford explained that she can either formally refer a
student to the principal for disciplinary action, or if she just “gets tired o f dealing” with a
particular student, she can send the student without a referral to Mr. Moore. She added
that the ‘‘referrals never work anyway.” Since there wasn’t an assistant principal in
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charge o f discipline, Mr. Moore had the students sent to the office for infractions, with
or without referrals, sit outside his door in the cafeteria and wait for the next class to
begin.
When asked about the state testing procedures and its impact on her 10th grade
students, Ms. Ford indicated that they had taken the science pilot test and the students
had performed very poorly. It was extremely difficult, she said, and the students were
“not used to open-ended questions. They love matching and multiple choice questions.
They really don't know how to write the answers."
From some students’ perspective, the tests were deemed unfair. Todd’s response
illustrated his anger:
I don’t like it. It’s unfair. Seems like we get new tests all the time. In 8lh grade
we got a new test, 9th grade, then every year. They picked on us to do the
testing. Tests have not helped me. It’s hard. There are things on the test I never
heard of.
Loren’s response was more succinct and far less visceral:
They don’t bother me too much if you listen. Taking the tests make me leam to
listen better.
Sara was one o f the most eloquent and insightful:
Well, the state tests made our education better because Louisiana is on the
bottom. But they should have started when we were little, because some o f us
don’t have the basics. We have to start over and teach what we should have
known already before we can go to what we should be learning. Yeah, it helped,
because in English we went over some stuff I had forgotten. I was prepared for
some o f them, except for geometry, didn’t know geometry, took Algebra II.
The Classroom
The classroom was located on the second floor and had one large floor to ceiling
window opposite the doorway. The room was large enough to adequately hold four
rows o f one-piece chrome and molded plastic desks with 10 desks in each row, leaving
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about one-third o f the back o f the room unused. Near the entrance, there was a door
that adjoined a neighboring classroom. At one time it appeared plans were to use one
room as a lab, with the other adjoining room as the lecture classroom.
A row o f cabinets stretched along the length of one wall. The walls were painted
white. A bulletin board to the right of the entrance contained only a picture o f Jesus and
there was a small 8x10 picture o f a skeleton on the wall above the doorway. The only
other adornment on the walls was a large banner affixed above the cabinets near the
ceiling that stated, “We can do an things through Christ who strengthens us” and a
smaller banner had the words, “Learn to love to learn.” Student work was notably
absent from display and there was nothing to indicate this was a science classroom save
the small picture o f the skeleton. The tools one would normally associate with the study
o f biology were not evident anywhere in the room.
All o f Ms. Ford’s instructional practices were traditional. Throughout our
observations the students were passive learners and no standards-based teaching and
learning strategies were evident. Although students were allowed to get into groups for
two weeks o f that time, little sophisticated, learning-driven conversation or outcomes
transpired during these sessions. Shared understanding and mediation of knowledge was
almost non-existent.
A typical class began about 10 minutes after the second bell rang. Her classroom
doors were locked as soon as the second bell stopped ringing, and any student caught
outside the door had to visit Mr. Moore to receive a late slip. The following brief
selection from my journal puts a morning into perspective. I had entered the building
about three minutes after the bell rang:
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It’s Friday, and students are straggling in after the bell rang. The principal is
busily writing tardy slips so that students wQl be able to enter the tardy room for
their first hour class. A greater than usual number of students are still in the
hallway, slowly making their way to class. Seven students are lined up outside
our class waiting to give their tardy slips to Ms. Ford. She looks at me and says,
knowingly, “It’s Friday!” Rather than coming into the class after giving their
slips to her, the students leave to go to the tardy room.
There are no less than four competing events this morning. The track team is
going to a meet, there are two field trips scheduled and several students have
been called to a meeting. The students remaining in the class are sitting in groups
with the assignment to complete their presentations for exhibition next week.
They were supposed to take a test today, but because o f all the other activities,
the teacher has decided not to continue with the plans to give the test.
The students always came in chatting with their friends, but for the most part,
they were orderly, and went immediately to their assigned desks talking all the way.
They were polite and quick to greet us each morning. When asked to describe a
“typical” class, the descriptions provided by the students were remarkably similar and
mirrored the teacher’s. The descriptions were also closely aligned with our own
observations. The following is a compilation of student responses gleaned from
individual interviews:
Everybody comes in and there is always a couple o f people walking around.
Usually there will be a curse word here and there. Somebody may be making
spitballs. Everybody’s talking and having fun. It takes 10 minutes to get the
class calmed down. First she calls the roll, hands in the absentee list and collects
homework. Sometimes if we haven’t done it yet, she gives us some time to catch
up. We open our books and turn to the chapter we are working on and read.
Most o f the time we take turns reading it out loud. One student may read out
loud while the rest o f us take notes off the overhead from a pre-done
transparency. In order to reinforce all that is learned in class, students will
discuss it and then team it for a quiz the next day. Ifw e don’t get finished, we
bring it home for homework and do worksheets. I usually get my homework
done in other classes, so I don’t have anything to take home. When class is over
everyone gets up and runs out. She usually takes points away if we talk, 100-300
for an actual grade. We have only worked in groups twice this year, right now
and another time. We never work in groups in our other classes either.
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Since the students had only worked with partners or in groups once before in
biology this year, we were fortunate to be able to observe them interacting with each
other over a period o f two weeks while they prepared presentations to present to their
classmates. A great deal of prescribed coursework had not been completed, and Ms.
Ford felt that if she gave each group o f five to six students a topic she had not yet
taught, she would be able to successfully bring the year to a close with everything in the
curriculum covered. Each group would conduct research on a particular topic, then re
deliver the information to their peers.
Ms. Ford gave them two weeks o f class time to choose the topic and complete
the presentation. The report did not have to be in written form, but each group had to
present the information orally, construct a visual aid of some type and submit a short
quiz to accompany the presentation. The quizzes were to be given to the students after
each presentation. She had included all the elements she believed they needed to cover
the topic; content information, visual aid, and culminating test.
It was obvious the students had few past opportunities to work together as a
unit. They have had so little experience in working with their peers it was difficult for
them to assume roles and negotiate assignments to get anything meaningful
accomplished. Most o f their time was spent looking through their materials and talking
about everything but the assignment. Ms. Ford constantly reminded them that they “had
better get to work” so they would be ready, but it fell on deaf ears. Ms. Ford did not
attempt to intervene within the groups to provide additional guidance. She continued to
repeat what needed to be done, but didn’t offer suggestions on accomplishing the
required tasks. Her remarks were limited to “get the assignment done.”
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The activity kept the students engaged in talking with their friends so they
weren’t disruptive or acting out. They enjoyed having the time to talk with each other,
and treated it as “stolen” time, something to revel in, since it removed them from their
typical class work and they could essentially “chill” as one student described it.
Their behavior during these sessions can aptly be characterized as a form of
“working alone together.” Little meaningful discussion took place within the groups and
each student essentially worked on his or her own. Each day they would come in and
little progress would be made. While Ms. Ford would ordinarily have allowed them to
use the library, it wasn’t open to students during their biology class, leaving them with
limited access to resources. By the end o f the two weeks, most groups still had work
that needed to be done.
The presentations that resulted from the two-week’s worth o f work were dismal.
Exhibiting their work was novel to them, and their presentation skills were poor. Most
had just copied the information from a book, or in some cases, read directly from an
encyclopedia, and had no idea what some of the words meant. Many could not
pronounce the words, and had not prepared themselves to present.
But even when the presentations were the most boring, and the class seemed
interminable, something remarkable happened in that room. The students observing their
peers were incredibly respectful o f those presenting. You coukl hear a pin drop, which
was not their usual behavior. For the students to remain quiet and patiently listening for
any length o f time, much less an entire hour, was a strong show o f support for their
peers.
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Ms. Ford was openly disappointed with the presentations. She loudly chastised
many o f the students for their poor work, and told them they could do much better. Her
behavior toward the students during this time was reactionary and somewhat puzzling.
She would ask questions throughout the presentations that were obviously outside the
scope o f information they had collected in what seemed to be an attempt to catch them
not knowing the answers. And, of course, many o f them didn't have a clue as to what
they were presenting, so even the simplest questions would have derailed them.
There was an edge to her voice that we had not experienced before. Many o f her
comments were ridiculing and uncomfortable for the presenters. We suspect this may
have been a manifestation of being frustrated when the assignment foiled to produce the
expected results. She truly wants them to do well. Her unusual behavior may also have
been exacerbated by our presence. Ms. Ford was so upset with some of the groups, she
had them do their presentation over again. It took over a week to complete all the
presentations. The presentations were so disjointed and skipped through a variety o f
unrelated topics that little meaningful learning or higher levels o f thinking were observed
during this time.
The Researchers
There was a distinct advantage to having two people involved in the study
conducting interviews and making observations. Since we traveled together to and from
the she, we were able to prepare for the day's work on the way, and deconstruct our
experiences on our return trip. This time was invaluable in making sense o f what had
transpired during our observations, and afforded us opportunities to gain insights by
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sharing perspectives. Each day provided valuable experiences to us as researchers and
we became engrossed in the lives of these children and the struggles o f their teacher.
We were both concerned in the beginning that there may be some reservations
from the students to accept us into the culture of classroom. But when we missed a day
of their presentations, one of our students boomed across the staircase as we were going
to class the next day, “Where were you yesterday? We were the BEST group and you
weren't there to see us! Why didn’t you come? Are you going to take our picture
today?’ Both o f us knew at that time that we had successfully entered their world.
Question One
What are some current classroom practices in regards to using
photographic images to enhance student teaming?
Our initial interviews with Ms. Ford and the selected students concerning their
use of photographs in the classroom proved productive, and provided baseline
information for the study. Ms. Ford and the five students reported using diagrams only
one or two times during the entire year. Sara and Tiffany remembered using a diagram
to label parts of a cell, but none of the other students were able to identify the diagrams.
No other graphical representation other than the limited number o f diagrams had been
considered in the biology class during the past seven months o f school
Ms. Ford remarked that there just wasn’t time to use all the diagrams and other
charts in the book, and she usually skipped them in favor o f concentrating on the
text because that is where all o f the information was located. She indicated that if she
had the time, she would use them more frequently, because she thought they helped
students understand the information.
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When questioned specifically about the photographs in their textbook, every one
o f the students, as well as the teacher, believed the primary purpose of the photographic
images was to make the book “look good.” Ms. Ford added that although she had never
considered their purpose prior to our discussion, she felt they were there to make the
book more inviting to the students.
These findings support the evidence Evans, et a l (1987) reported concerning
teachers’ use of photographs and other pictorial representations in textbooks. Rather
than provide substantial opportunities for learning, the diagrams and photographs are
ignored and not used as a part o f the classroom instruction. The fundamental reason for
including graphic representations in textbooks is of concern. If a publisher’s purpose is
to make the textbook look attractive and inviting, there will be many cases where
graphics are included that do little to enhance understanding. The recently released
AAAS (2000) study questions the reasons publishers have for including graphics which
may have little to do with the content, or are so complicated students are unable to
access the information presented.
This was Ms. Ford’s first year o f teaching, and she was dependent upon the
teaching manual to help guide her instruction. Many novice teachers rely on textbook
manuals to deliver their instruction, and without any clear directions in the manuals on
how to use the graphics to improve student understanding, the graphics are seen as
window dressing and not important to the learning process.
Time, also, is a limiting factor in instruction. As Ms. Ford indicated, she believed
the text in the book was much more important than the diagrams, and skipped them so
that she would have the time to “cover” the next topic. When one considers the
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supporting evidence o f the dual-coding theory and the value o f coupling visual images
with expository text to assist in learning, students’ understanding o f fundamental
biological concepts is compromised when images are not used in instruction. Perhaps if
the images were more carefully chosen by the publishers, and closely aligned to the text
with student understanding as the focus, time would be less o f an issue.
Using the 20-Q Model to deconstruct photographs could also assist in
developing students’ conceptual understandings. Additional costs are minimal, and the
questions are designed to trigger higher level thinking, providing a vehicle to enhance
understanding. The lack o f equipment and supplies to teach biology is certainly of
primary concern, but using simple tools and techniques such as photographs and the 20Q Model can alleviate some of the barriers.
In Ms. Ford’s classroom, as in many others, the textbook drives the instruction.
Heavy reliance on textbooks to provide all the information a student needs to
successfully complete high school biology can be extremely limiting, especially in light of
the report o f the AAAS (2000) study that found textbooks to be deficient in many areas.
Question Two
What proportion o f the biology text is devoted to photographic images versus
proportion o f class time allocated to the images?
Biology: The Dynamics of Life, published by Glencoe/McGraw-Hill in 1995, is
representative o f most high school biology textbooks in use today. At 1186 pages, the
textbook weighs in at a little over a hefty six pounds and includes many photographs and
other graphics to accompany the text It is highly visually appealing with full color
photographs and graphical representations.
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Scale Master II with PC Interface*, a digital measuring system, was used to
measure each photograph, diagram and other graphical representation in the textbook.
Used extensively by draftsmen, the Style Master II* has the capability to send values
directly from the measurement tool to an Excel* spreadsheet. Each photograph, diagram
and other graphical representation was measured individually using the tool, and as each
graphic was measured, the surface area measurement was immediately digitally loaded
into the Excel* spreadsheet. The resulting spreadsheet provides details about each
graphic on every page. While the printed version of the spreadsheet only shows the total
surface area, the electronic spreadsheet offers details o f each graphic located on each
page. A print version has been included in Appendix G.
Of the 1186 pages, 858 pages or 72% contain at least one, and usually more than
one photograph. As illustrated in Figure 14, almost one-quarter o f the book is devoted
to photographs, with an additional 13% depicting diagrams and other graphical
representations.

8%

5%

63 %

■Text
■Photographs
□Diagrams
■Representations

Figure 14. Percentage o f Photographs, Diagrams and other Graphical
Representations as Compared to Accompanying Text
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Even more interesting are comparisons between the units o f study and the
amount of space allotment. Table 4 indicates that there are wide variances between the
various units and the number of pages for each unit.
Table 4
Percentage of the Textbook’s Total Image Space bv Unit Title

Number
of Pages

Percentage
of
Photographs

Percentage
of
Diagrams

Percentage
of Other
Images

Total
Percent

What is Biology?

49

6.23

1.44

2.31

9.98

Ecology

105

10.10

10.91

6.23

27.24

The Life o f a Cell

125

9.31

15.43

2.73

27.47

Genetics

111

8.29

13.02

2.85

24.16

Evolution

83

5.76

2.63

22.10

30.51

The Diversity o f Life

101

8.63

6.61

8.18

23.42

Plants

107

11.49

4.27

8.61

24.37

Invertebrates

117

10.28

4.40

16.98

31.66

Vertebrates

115

11.04

6.66

21.48

39.18

Human Biology

169

10.64

32.51

5.59

48.74

Other

112

8.22

2.13

2.94

13.29

Unit

The introductory unit, What is Biology? was allotted the least amount o f space, 4% o f
the total, while Human Biology, garnered 14% o f the textbook. Human Biology also
had almost three times the percentage o f diagrams compared to photographs, the largest
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variance between the two types if graphics, than any other unit. The photographs in
Human Biology emphasized sports and depicted people participating in organized
sporting events as well as shots o f people engaged in individual sports, Le., jogging,
working out, swimming, etc. Photographs with medical overtones, people getting shots
or waiting in doctor’s offices were second only to the sports and action shots. The
diagrams that were included for the most part depicted human anatomy structures.
Plant Blindness Syndrome
Another interesting observation is the obvious “plant blindness syndrome”
evident in some sections in this textbook. Comparisons between the amount of space
dedicated to subjects related to animals and those related to plants present a startling
revelation. While many of the photographs depicted both plants and animals in the
opening unit explaining the study of biology, the vast majority o f the photographs were
included to illustrate animal traits. For example, 40 photographs that focus on animals
were included, while only 14 photographs were specifically included to illustrate plant
life. Usually, animals were photographed in their natural habitat, which included plants,
but the animals were the center o f interest and were clearly the reason for including the
photograph.
Evidence of favoritism toward animals was also found in the fiill-page
photographs found at the beginning o f each unit o f study and each chapter. Animals
were depicted much more often than any other subject, for outnumbering both plants and
photographs o f people. There was a two-to-one ratio o f animal photographs to plant
photographs, excluding photographs o f people.
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Although the textbook was approximately one-quarter photographs, with threequarters o f the pages depicting one or more photographs, the results from this study
show that photographs were not used by the teacher to enhance student understanding
and learning of biological concepts. These findings parallel those that were found by
Evans, et al. (1987) who found so little evidence o f student engagement with illustrations
that the portion o f their study to observe classrooms was abandoned after 20 hours of
observations. They believe that part o f the reason why illustrations are not incorporated
into instruction is because “they are not valued as a mediator o f intellectual content” (p.
94). They continue by stating that, “regardless o f the factors [of underutilization], it
seems odd that illustrations, so prominent and presumably beneficial in textbooks, should
receive minimal instructional focus in classrooms” (p. 94).
We also found the 2000 AAAS review of textbooks on target with our own
observations. Many of the photographs were not well chosen and had corresponding
captions that offered limited information that enhanced the content and meaning o f the
text. In addition, a large number o f photographs did not contain a center of interest to
assist the reader in connecting cognitively with the photograph.
Photographs could provide the kind o f challenges students need to engage in to
become scientifically literate. While equipment and supplies are limited in some
classrooms, most biology classrooms have access to a biology textbook. The
photographs in the textbooks are plentiful and offer unique methods o f diagnosing
student understanding o f important biological concepts. The photographs could become
catalysts for learning at minimal additional costs.
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Question Three
How do students respond to using photographic images to probe their thinking ahniit
and understanding o f concepts?
Introductory Activity
‘Have you ever heard the saying that, ‘A picture is worth a thousand words?’” I
asked the students the first day we entered the class. We had requested to meet with all
the students as a group to explain the research project and enlist their help as fellow
researchers. I explained that we were going to be exploring ways they have used
photographs in the past, how they may be able to improve their understanding of science
concepts by using photographs, and that we would all celebrate at the end of the study
by using digital cameras to take our own biology photographs. Beginning from the first
day with a comprehensive explanation as to why we were visiting their classroom helped
us relate better to the students, and prevented any misunderstandings as to our presence
in their classroom.
The consent forms were distributed, and each student readily signed their form
and agreed to talk to their parents about the project. I merely asked them to return the
forms as soon as possible, but Ms. Ford immediately offered 100 points to those who
returned the consent forms the next day. The students seemed happy to have extra
points added to their grades. We found out later that adding and taking away points was
one tool Ms. Ford used to gain the students’ attention and keep control of classroom
behavior. Oftentimes, grade points were provided as rewards for good behavior and
were not academically focused.
We distributed our initial survey to the students to obtain baseline information as
to their current awareness and use o f photographs. The survey included (a) identifying
116

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

the most memorable photograph in their biology book, (b) explaining what made it
memorable, (c) describing if and how the selected photograph and other photographs
may have helped them understand the text that accompanied the photograph, and (d)
describing if and how other types o f pictorial representations may help them understand
the printed material (diagrams, tables, concept maps, etc.)- Students were not allowed to
open their books during the activity.
A wealth of information was collected from this simple five-question instrument.
Just distributing the papers and discussing how to answer the questions afforded us the
opportunity to gain some sense o f individual personalities and classroom culture. Table
S provides a breakdown of the responses by question, subject and gender.
Table 5
Introductory Activity-Whole Class Questions 1 and 2: 1) What is the most memorable
photograph in vour textbook? 2) Whv do vou believe vou remember this particular
photograph?

Memorable Photographs
Animals
Male
Female

Environments

Why Memorable?
Unusual Used in Class Cute/enjoyable

73%

27%

26%

27%

9%

100%

0%

16%

0%

66%

The activity not only provided us with an overall understanding as to how they
perceived photographs in their textbooks, we were also able to use the feedback to
assess students’ writing skills. The textbook had been their primary source o f
information for the past seven months, and one-quarter o f it was devoted to

117

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

photographic images, yet 18% o f the students, evenly split between male and female, had
difficulty in remembering a particular photograph and responding to the questions.
The commonalties and differences in the answers by gender were interesting.
Both groups mentioned a small picture that depicted Shar Pei puppies. The girls found
them memorable because they were “cute in an ugly sort o f way” while the boys said
they were unusual, and it was the “first time they had seen dogs like that.” While both
genders chose the puppies, only one student was able to provide the reason the
photograph had been included in the textbook.
A picture o f baby ducks was only chosen by girls with the explanation that they
loved birds and they were “so pretty.” The boys, however, chose more aggressive
predators including a snake eating a deer, a lynx and a killer whale with explanations that
included how “extraordinary” the action was, and it “isn’t something you see every day,
especially here.”
The boys who chose scenes did so because one had to do a report about the
desert, one mentioned a rain forest photograph and remembered it because “o f all the
color,” and another chose a “dedcediuous (sic) forest...because it reminds me o f my
dreams (sic) forest tht (sic) I would like to travel in one day.”
The student’s perception o f photographs having cognitive value were obtained
through the following questions included in Table 6. It appears that most o f the boys
believed photographs assisted in helping them learn, while the girls weren’t really sure.
Boys’ answers ranged from “I didn’t know a snake could expand that full,” to “because
it had all the organelles.” Only one girl included a substantial reason as to how the
photograph helped her learn the information presented. The reasons they gave for
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question four about photographs in general were very superficial and vague for both
groups. It was obvious that the class as a whole had never seriously considered the
graphical representations in their biology textbook.
Table 6
Introductory Activity-Whole Class Questions 3 .4 and 5: 3) Did the photograph help
vou understand the printed material that accompanied the photograph? How?. 4^ Do the
other photographs help vnu understand and remember the information? How?. 5) Do
diagrams and other types of pictorial representations help vou understand and remember
the information? How?

Photograph help?

Other photographs help?

Other representations help?

Male

88%

88%

88%

Female

43%

50%

88%

Question five elicited more elaborate explanations and there were differences
noted between the girls’ and the boys’ responses. Most o f the students believed that the
diagrams, tables and other tools were provided to help them learn the material, but some
just weren’t quite sure what to do with them or how to express what they wanted to say
in print. For this particular question, the girls were much more descriptive and provided
specific reasons. The following selected responses were offered by girls: (a) “with
diagrams you can see where the parts are,” (b) “they do help break it down if you don’t
understand it in the book,” (c) “they show you what they are and bow they work,” and
(d) “because they explain it with detail and you can see what they are talking about.”
One boy said you can see what the book is talking about, and another stated “they also
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help me because if you were to just read, and not have anything to look at while or after
reading, then you would be totally lost.” One student qualified his answer and remarked
that they helped him understand the “short” graphs.
Overall, the students exhibited poor writing skills, and although they had been
asked to pay careful attention to the spelling and grammar, their samples contained many
errors. Verb-subject disagreements and careless spelling were the most common errors,
but the most valuable observation was found in the naivete o f their descriptions. This
would be a theme carried out in all our work together. It was evident that these students
had not been given opportunities in most o f their previous schoolwork to critically think
about ideas, and they had almost no experience in putting their thoughts in print. They
were used to being told the information to memorize and not required to think about it
or question, evaluate, criticize or just worry knowledge (Brown and Palincsar, 1989).
This observation was reinforced by Ms. Ford’s remarks about the students being unable
to respond to open-ended questions effectively because they had never had the practice.
The following day, we discovered that Ms. Ford knew exactly what worked with
her students to get them to return papers to school Awarding grade points insured that
most o f the forms were collected by the end o f the week and we were ready to begin the
study in earnest
Small Group Activities
Conducting small group activities allowed us to become more familiar with
individual students’ personalities and learning styles. We asked questions and circulated
within each group to check to see if they needed any help during the activities, and to
encourage them to provide as much detail as possible in their descriptions. The majority
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o f our contact with the students involved building awareness o f the biology depicted in
photographs in their textbook and providing strategies for them to use when observing
photographs for biological content. While we encouraged elaborate descriptions o f the
actual object or scene that was included in the photograph, we equally encouraged them
to make inferences based upon their observations. Learning to tell the difference
between an observation and an inference was a major step for them to analyze the
photographs for meaning.
We followed many of the suggestions offered in the 20-Q Model, and found them
to be helpful in assessing student understanding o f biological concepts. Depending upon
which photograph we were having the students evaluate, the prompts we used most
often included: (a) describe this event biologically, (b) what is the connection between,
(c) give the function o f this/these structures), (d) predict what will happen next, (e)
what biological principle is working here, and (f) what evidence do you see that
suggests.
One of the activities completed at the mid-way point o f our study involved two
small groups o f students. By this time during the course o f our study, the students had
become accustomed to the probing questions, and “tell me more” prompts. Each student
was given a reproduced color copy o f a picture found in their textbook depicting an
archeologist team at the site o f an archeological dig.
We took them outside for a change o f scenery, and we brought the photographs,
a set o f markers for each group and large table-top easels with paper. They first worked
individually examining the photograph. They wrote captions for the photograph, then
shared their captions in small groups and into groups and designed a one-page display
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that included details about the photograph. A selection of captions submitted by the
students are listed below. Their writing contained many grammatical errors and
illustrates the need for the students to use their writing skills daily.
1. This is showing that we have to go back in time to see how things where (sic)
and how people lived. It’s also showing how important things was (sic) back
then in the world.
2. The picture looks like a group o f scienctist (sic) looking for prehistoric fossils
on a nearby cliff.
3. The people are looking for some ancient bones o f some kind. They seem to
be trying to dig the bones up carefully so they won’t damage any o f them and
they are probably going to take them somewhere to display them. The (sic)
are studing (sic) life and life is studied in Biology.
4. Exploring the past is the presents (sic) future.
5. It looks like they are looking for fossils.
6. This photograph shows a group o f scientist (sic) experiting (sic) on a certain
substance on a hQL Something like rocks or other objects.
Throughout the activity we visited both groups asking questions and trying to
encourage the students to think critically. Compiling information and putting it into one
coherent description or graphic was difficult for them. Although they were given the
freedom to design then presentation in any fashion they wanted, both groups chose to
just list each o f their captions on their boards.
Applying the 3-point rubric that accompanies the 20-Q Model, we awarded
points to students for including relevant biological content in their responses. Every
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student in the first two activities of the study received one point on the rubric used to
determine understanding of science content As the study progressed, however, and
students were given opportunities to discuss and think about the science depicted in the
photographs, a trend in improvement was noted, and every student was able to move up
at least one level. There was a direct correlation between meaningful time on-task and
improved student performance.
However, no one was able to achieve three points, the highest number of points
on the rubric. There is little doubt that with continued reinforcement and additional time
on-task, all o f the students in our group could have progressed to the higher level of
understanding.
Whole Class Activities
Most o f our work with the whole class involved working with the students using
the three transformative tasks as outlined by Wandersee (2000) in a think-pair-share
format:
1. Students examined a photograph individually and wrote a description o f it
including as much detail as possible.
2. They shared their written descriptions with their peers to discuss and locate
any additional information that may have been overlooked.
3. They presented the biological content o f the photograph within a small group.
During one o f the whole-class activities we provided each student a copy o f one
of the photographs in their book. It was a dramatic, full-page aerial photograph o f New
York City that was included as an opening to a chapter on population growth and
density. A small inset 2/4 inch square photograph showing a very crowded sidewalk was
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inchided at the bottom o f the right hand comer. Many o f the individuals in this small
picture were dressed in business attire and all appeared to be rushing to get to
someplace. We selected this particular photograph because it was the opposite o f the
type o f environment our students lived in and we thought it would serve as a rich study
in contrasts to help direct their thinking. The photograph was not colorful and
reproduced well on a regular copier.
We asked the students to individually (a) describe in detail what they saw in the
photograph, (b) write a one-page caption for the photograph (to discern if they could
distill everything they saw into one “big idea”), (c) relate the picture to the study of
biology, and (d) describe what was happening biologically in the photograph.
As a group we discussed the differences between what could be observed and
what could be inferred from a photograph. While inference had been discussed at length
during the small group activities and individual interviews and had helped us identify
strengths, weaknesses and misconceptions from the photographs, this was the first time
we discussed the differences with the whole class. As we found with our five subjects,
they also had difficulty understanding what an inference was when looking at a
photograph. It was surprising to us that they did not understand inference because it
was a reading skill that was usually introduced in first grade and reinforced each school
year. We offered several examples, and drew some figures on the board to illustrate the
meaning o f each. Examples from literature were given to help explain the difference, and
the students eventually seemed to understand the implications o f inference and what it
had to do with interpreting photographs.
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After completing the assignment, the students moved their desks into groups and
were given large sheets of paper and markers. Their task was to work together using
their collective descriptions to produce a graphical representation of what they had
written individually and learned from each other. Some groups were able to design a
credible representation, while others were still at the basic level o f drawing simple tall
buildings. The exercise provided another process-driven opportunity for them to
continue to build on their knowledge base through shared understandings (White, 1993).
See Appendix H for samples o f student work.
The most important result of this activity was the noticeable difference in not
only the amount o f writing the students’ produced in response to describing the scene,
but also the sophistication of their ideas when compared to their previous attempts. The
students’ first attempts at examining and writing about a photograph were significantly
less descriptive. Particularly noteworthy was that students who had participated in the
small group activities submitted descriptions that were more complex when compared to
those who had not had the opportunity to work as in-depth in developing their
observation and writing skills. Again, it is evident that time on-task during the previous
small group activities afforded the students the opportunity to further develop and refine
their writing skills (Bransford, et a l, 1999).
Conclusions
We began working with the students using simple, uncluttered photographs, and
followed Wandersee’s (2000) recommendation to “choose photographs that have an
obvious center o f interest” (p. 135). Selecting photographs that depicted a limited
number of biological concepts helped scaffold their teaming, and provided a bridge for
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them to advance to the next level. It was a necessary first step, especially when
considering the student’s lack o f opportunities to hone critical thinking skills in the
school setting. Students were so unaware of the science depicted in the photographs
their initial descriptions were superficial and offered little detail Certainly, part o f the
reason they did not offer more elaborate explanations was due to their lack o f
understanding o f biological concepts, and to a great extent, their lack o f practice in
thinking critically and expressing their own ideas. Most o f the information they were
responsible for learning was provided to them by their teachers, and was closely aligned
to the description that T1MSS reported finding in traditional American classrooms.
After our initial meeting, we quickly progressed to allowing the students to
choose their own photographs in the book to describe and capitalized on what they
found interesting. We discovered that students rarely chose photographs that had no
center o f interest. In addition, we found that exploiting their interests was the most
fruitful method o f motivating them to critically analyze the photographs. So Iso (1997)
also reported that viewers who had a personal interest in an illustration tended to notice
it more.
It was difficult, especially at first, for the students to express their own ideas
about a photograph. Asking them what they thought was a new experience for them.
The very notion that we were interested in what they were thinking and not what was the
expected or “correct” answer was foreign to the students. It took a few sessions with
them before they realized that what they thought, and not just what they knew about the
science content, was important to us. Valuing their thinking and subsequent products
made significant differences in the quality o f their work as rime progressed. Admittedly,
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working individually and in small groups provided the necessary feedback and nurturing
to realize substantial growth.
One barrier that inhibited students’ attainment was their inability to translate their
thoughts into the printed word. They had little prior open-ended writing experiences,
and writing their thoughts on paper was new to them. The students tended to write very
simplistically, usually in sentence fragments, paying little attention to spelling or
grammar. When we asked them to describe and analyze a photograph in writing, the
limiting factor was always their ability to write. Any time the pressure of writing a
response was removed, and they could just talk about a photograph we learned much
more about an individual’s thinking.
The lack of prior knowledge and experiences in science, particularly in biology,
were the most limiting factors in student responses and presented significant barriers to
student understanding. Since teaming is knowledge-dependent (Resnick, 1989) and the
students lacked basic knowledge o f biological concepts, we found that many students
struggled with conceptual understanding. They had memorized some information during
their schooling years, but oftentimes they were confused when asked to describe
something that required conceptual understanding, which is what the TIMSS report also
found.
Glaser’s (1984) assertion that knowledge-rich individuals were more apt to
reason more elaborately was evident in our work. Many of the students provided
simplistic and superficial descriptions o f photographs and were unable to elaborate due
to a lack o f understanding. These students were very bright and capable, so it was not
because they were unable to perform. They just have not been provided the learning
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experiences that would strengthen their content knowledge. Using photographs to
reinforce learning will help these students begin to build an repertoire o f image-based
experiences from which to draw (Glenberg & Langston, 1992).
The experts versus novice discussion presented by Bransford et al. (1999) was
clearly evident in this study. The students were novices in responding to open-ended
questions that required critical thinking about biological concepts, and retrieval of
information was difficult if not impossible for many of them.
Question Foun
How effective are photographic images as tools for
determining student understanding?
Activities Using Wandersee’s 20-Q Model n f Image-Based Biologv Test-Item Design
Over the course o f the five weeks the whole class as well as the selected small
group o f students participated in various activities that used photographs and selected
prompts and questions from Wandersee’s 20-Q Model o f Image-Based Biology TestItem Design (20-Q Model) to probe student thinking and understanding o f important
biological concepts.
For the purposes of maintaining the integrity of the photographs and removing
any textual prompts that normally accompanied them in the book, we scanned the
photographs and reproduced them in color for the students to use. The only exception
was a large picture of New York City that reproduced well on a standard copier. During
normal use in the classroom, many o f the photographs could be simply photocopied and
used with students. Providing the students with copies o f the photographs removed the
support of the text that usually accompanied the photographs in the book, and also
relieved the students o f the burden o f having to cany the book with them or keep it open
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to a particular page. We found the book to be so large and heavy it was cumbersome to
use and students had difficulty placing their textbook and accompanying recording sheets
on their desktops.
When the students first began to examine the textbook photographs their initial
responses were superficial, one-line sentences at low cognitive levels. It was difficult to
identify strengths and weaknesses, and most o f their responses as measured on the 20 Q
Model Rubric were no higher than a “one.” Having the students respond to the
photographs during one-on-one interviews over time helped them think o f alternative
ways to describe photographs was the first step in making them aware of the science in
the photographs. The photographs provided the “shared workspace” (Wandersee, 2000,
p. 132) needed to probe their thinking and receive feedback.
Typically, we covered the captions and other text, or provided copies o f the
pictures in their books so students would not be able to rely on text to understand the
science behind the photograph and would use their own knowledge to respond to the
questions. Initially, we seemed to be able to elicit little in the form o f deep biological
understanding. After several weeks o f consistent questioning on progressively higher
levels, students began to respond with more elaborate explanations, offering us
opportunities to better evaluate their responses. Once students became used to being
questioned for additional information, they became more comfortable and cognizant of
the biological implications contained in photographs.
One benefit o f using photographs that encourage open-ended student responses
is to ferret out science misconceptions. Todd’s experiences provide a good example.
Early in the study, Todd was given the opportunity to choose any photograph he desired
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to discuss. His choice was a butterfly that was in the middle o fa series o f three pictures.
Todd looked at the picture of the butterfly and simply stated it was a butterfly.
Following the 20-Q Model, and using the photograph as a tool to continue asking
questions, helped us identify major misconceptions in Todd's thinking. Somewhere
along the way he had been exposed to the life cycle of the butterfly, and knew that
something unusual happened to produce a butterfly but could not describe the stages and
said he wasn’t sure where a butterfly came from. Several other students shared similar
misconceptions about the lifecycle o f butterflies. Using the photograph helped bring his
thoughts to the surface, and illustrate his lack o f understanding o f a concept that should
have been learned years earlier.
Photographs also provide opportunities to find out what students do know and
celebrate their knowledge and work through their strengths. For example, every student
that was interviewed while looking at a green caterpillar on a green leaf mentioned the
fact that it was camouflaged. They offered fairly comprehensive descriptions of
camouflage. Consider Loren’s unsolicited description o f camouflage:
It shows how a worm grows into a butterfly. It depends on its surroundings to
survive. Its green color makes it camouflaged. It has what looks like eyes so
that predators might think they are eyes watching and might want to attack them
so the leave it alone. Its size is the same as the leaf It could get behind a leaf
and could get into small places to hide that are green and nothing would see it.
Looking at this selection, one recognizes immediately that he needs some
exposure to appropriate vocabulary, but the basic content is present Unfortunately, it is
what one would expect from a child as early as 4* grade. But it was a good presentation
for Loren, and exposed what he knew as well as didn’t know.
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These activities helped identify students’ understanding of biology concepts and
diagnose appropriate interventions to target deficiencies.
Use o f Digital Cameras in the Learning Process
As a culminating activity, each group o f two to three students was given a digital
camera for a “field trip” outside the building to take images that portrayed biological
concepts o f their choosing. Everyone seemed to welcome the opportunity to extend
learning beyond the classroom walls. This was another instance Ms. Ford did not feel as
though the students could control themselves once they left the confines of the school
building. She was quite concerned that they would be disruptive. We accompanied
them on their exploration, and provided some basic rules; stay in the assigned group on
the school campus, respect each other, take care o f the equipment, and take images that
they could biologically explain. It was a learning experience for the students. Many had
not ever used a digital camera and were intrigued by its capabilities.
The students followed the directions, and cooperated fully during the activity.
There were a number of biologically relevant sites they could access, including a small
wooded area, pond, football field, and flower beds. While they had all walked these
grounds many times, this experience helped them visualize their environment in many
different ways. As observers, we enjoyed watching the students investigating the school
grounds with much different perspectives. We noticed one group taking pictures of a
classmate’s car. When 1 asked them why they were taking pictures o f a car, their
response was o f particular interest to me. They discussed how the car was made, the
resources that were used in its construction, as well as brought in the issues of pollution.
Just that one example provided a rich “snapshot” of how photographs can be used to
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jumpstart discussion and serve as catalysts to spark student interest and learning.
Tracing the manufacturing o f a car would not only include science content
(renewable/non-renewable/perpetual resources, plastic/glass manufacturing, particulate
matter/air quality, expected mpg/type/brand/marketing, etc.) but would be cross
curricular, with a heavy emphasis in geography. Since this was something the students
chose to investigate, student interest was piqued and the students were self-motivated to
continue.
Another group took pictures o f each other and discussed the biological concepts
of the human body including its inside and outside environments. Other factors entered
into the discussion; clothing, air quality, and human needs and wants. Again, the
discussion was sophisticated and thought-provoking.
One group o f students took beautiful close-up images o f colorful flowers and
pond inhabitants. The discussion not only centered around the needs o f these plants and
animals, but also led to discussing “everything we don’t think about that is under our
feet.”
After experiencing some technology difficulties, and getting input from the
students, the resulting digital images were projected and discussed with the class. They
had taken photographs o f every possible living thing and non-living thing on the campus
that had anything to do with biology. O f particular note, all o f the photographs
contained clearly defined centers o f interest. Their discussion was descriptive and
informative. Justification to purchase digital cameras for schools could have easily been
documented during the ensuing discussions. Students not only described their subjects,
but also offered other insights. As a culminating activity, this exercise provided unique
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ways for students to apply what they had learned since we had first begun our study of
image-based learning.
Question Five:
How do photographic images complement or interfere with
accompanying text?
Quite by accident one o f our students discovered an unusual layout of
photographs in Biology: The Dynamics o f Life (1995) that were very confusing to many
o f the students and unfortunately reinforced a misconception. In feet, 60% o f our
students misunderstood the information that was being presented simply because o f the
layout o f the photographs. Had they been positioned differently, there may not have
been any problems. This enlightening discovery emphasized the importance o f the
placement o f photographs. It also reinforced the research findings from Glenberg and
Langston (1992) when they found that student performance suffered when a picture was
incongruent with the text.
On page 265 there are three pictures; each one overlaps the next by an eighth to
a fourth o f an inch, so they appear from the beginning to be connected to each other.
The accompanying text, on the opposite page as well as underneath the photographs,
discusses cell division. The three pictures all come under one figure description, “Cells
reproduce at different times in the life o f an organism, depending on their function in the
organism.”
In the first picture, a deep green caterpillar is seen hanging on to a leaf the same
shade o f green. The caption under the caterpillar states, “Cells reproduce when an insect
egg grows first to be a caterpillar and then to be an adult butterfly.” The second picture
is o f a black, white and red butterfly, and it does not have an accompanying caption.
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The third picture shows an amoeba dividing in two. The caption next to this photograph
states, “Cells reproduce when one amoeba divides to become two amoebas.”
At first glance, it appears that the amoeba is actually the beginning o f a butterfly.
If one looks closely at the photograph it appears that there are two wings forming.
Three out o f five students incorrectly assumed that the photograph illustrated cell
division within the caterpillar that would ultimately result in a butterfly. Visual
dissonance (Solso, 1997) occurred in this example. Students expected to see one thing,
when it was something else entirely, creating visual tension.
Another consideration on this page was placement o f the captions. They did not
follow a set pattern. It appeared that wherever there was room, the publisher placed the
captions, then included a small red arrow head to indicate which caption accompanied a
particular graphic. It was rather confusing as captions could be found over, under, or on
the left side of the photographs, yet the reader had to work hard to match the captions
with their graphics. For example, there was a caption directly underneath the butterfly,
but that caption actually was for the amoeba under and to the right of the butterfly.
A photograph was o f a twig with leaves was also included. The leaves actually
draped over a part o f the butterfly picture. The caption for the twig was over the
amoeba and had an arrow indicating it was actually for the twig.
In this particular example, the explanations that accompanied the photographs
were o f secondary importance to the photographs themselves. Without ever reading one
caption, students jumped to conclusions, and understandably so, given the positrons o f
the photographs. In light of these findings great care needs to be taken to ensure that
misconceptions are not made due to careless placement o f graphics and captions, or
134

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

poorly worded captions and text. A thorough pre-press review o f the textbook by
students and practitioners would provide information to publishers that may prevent
these types o f errors from occurring.
The book also had many photographs without boxes or specific parameters to
enclose them. The result was attractive and gave the impression of being realistic, but
again, placement o f the caption did not serve to help the reader understand the content
being presented.
Another observation that illustrated the incongruent nature o f some o f the
photographs to the captions and content presented in the text was found on page 52. It
is foil-page photograph introducing Chapter Three in the Ecology Unit. Five airplanes
are swooping across the sky over a subdivision that is devoid of trees. Trailing behind
the airplanes are large amounts o f a white substance. The airplanes are in formation and
at first glance it appears they are part o f a sky show o f some type. A two-by-three inch
inset photograph o f a mosquito on human flesh has been magnified and is included at the
bottom of the photograph.
After thinking of a sky show, the mosquito seems out of place. Upon closer
inspection, however, it appears that the neighborhood below has been decimated. While
some houses are standing and appear unscathed, most o f the houses have been almost
totally destroyed. There are large pieces o f wood and other debris scattered all over the
individual house sites. Some o f the sites have partial standing walls and there doesn’t
appear to be any cars or people in the area. Obviously, something fairly traumatic has
occurred, and the area may have been declared off-limits to the homeowners. A tornado
is the most probable cause, however, neither the caption nor the accompanying text
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makes note o f the destruction evident in the photograph. Instead, the caption describes
how the planes are releasing chemicals to kill mosquitoes and reads as follows:
These planes are spraying chemicals that kill mosquitoes. Besides being an
annoyance to people, some mosquitoes carry diseases that can affect both
humans and other animals. Although this is true, mosquitoes and their larvae
provide food for some animals, including this fish. Do you suppose that killing
mosquitoes can have a harmful effect on the environment? (p. 53).
The first statement in the text on the opposite page under the title “Principles of
Ecology” states, “Are mosquitoes o f any use to anyone or anything?” (p. 53) and it
continues by explaining the importance that even the most annoying o f creatures have in
maintaining balance in the environment.
The photograph certainly was not chosen to depict what can happen after a
natural disaster, which could have been related to the intended subject area o f the
chapter. It was apparently a readily available shot o f planes releasing some sort o f
chemical that could somehow be connected to controlling mosquitoes. The planes are
flying so for above the ground much o f the chemical is being dispersed in the atmosphere
and not making contact at ground level where the mosquitoes are breeding. In addition,
the amount o f chemicals being released within such a small area is another reason to
wonder if this is what is actually taking place in the photograph. Individuals on the
ground would have to run for cover to be able to breathe. Perhaps that is one reason
why there are no people evident. But it still appears as though it is a sky show that
happens to be flying over an area that recently suffered great loss o f property and
possibly loss o f life as welL
This photograph graphically illustrates a missed opportunity to make a
connection to students’ real-life experiences and show an individual’s responsibility in
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helping control the mosquito population in cities. Depicting the backyard o f someone’s
home that may have stagnant water in a dog dish, or a watering can left outside over a
few days, with perhaps an old tire leaning against the garage to show how these small
areas o f standing water can harbor mosquito larvae and help spread the population
would have been a much better choice. It is very puzzling why this particular
photograph was chosen to depict the control o f mosquitoes. Rather than enhance
learning, it served as a distracter and produced visual dissonance (Solso, 1997).
This example also reinforced the findings o f the AAAS study concerning images and
science textbooks.
This study found that the placement and content o f both the photographs and
captions in relation to the accompanying text must be carefully considered to take
advantage of the power images have to reinforce knowledge construction. Otherwise,
photographs can serve to distract the learner and produce unintended results.
Question Six
How do students examine a photographic image, organize their thoughts about ft. and
then construct a graphical representation of the biological processes depicted?
Prior to conducting the study, we anticipated having the students construct
concept maps or other graphic organizers to illustrate their understanding of biology
concepts. However, we found that if students have not had practice in organising their
thoughts around a particular topic, it is very difficult for them to take information and
produce a graphic organizer without first practicing the skills necessary for this to occur.
Most of the representations they developed were simplistic, and were basically
representative drawings. Having students develop concept-mapping skills was simply
out o f the scope o f research for this study. While we made progress in students
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becoming more cognizant o f the power o f images in their learning, we needed much
more time to have them transfer learning into meaningful representations on their own.
These findings are directly correlated to the Human Constructivist model of
meaningful learning, and relate to how learning builds on prior knowledge. Participating
in activities that effectively scaffold learning and build the necessary cognitive framework
to accept new learnings is critical. Further investigations to identify scaffolding
strategies that would prepare students to share their thinking through graphical
representations and develop metacognhive skills are needed.
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SUMMARY AND CONCLUSIONS
Biology—the Gatekeeper Science
Biology is one of the core gatekeeper courses. Success in biology at the high
school level can have lasting results. Access to chosen fields may be severely limited if
students do not successfully complete biology courses. The students in this study are at
the end o f 10th grade, yet their science background and understanding of basic biological
concepts are woefully lacking and do not meet the state or national high school
standards. These students will be taking an exit exam in science in the 11th grade that
determines whether or not they graduate with a diploma.
Many of the students in our study have high aspirations to enter college once
they complete high school. Sara, for example, dreams of becoming a doctor and speaks
with a maturity well beyond her years: ‘T look forward to coming to school because I
want to get out and go to college. At first I wanted to be a pediatrician, but now I want
to be a gynecologist and work with pregnant teens. Teens are just not equipped to
handle a pregnancy, emotionally or financially.” Will Sara be able to follow her dreams?
Or will she have to settle for less because she is not prepared to function successfully in a
more rigorous environment? At the very least, Sara will need a basic foundation of
biological concepts from which to build if she is to successfully negotiate undergraduate
work and continue on to medical school. There is no question that Sara has the ability to
accomplish great things. She is motivated, highly intelligent and her GPA is one of the
highest in the school. However, Sara has not been afforded the kinds o f learning
experiences that will help make her successful in college, and at the very least it will be a
difficult struggle for her to catch up with better prepared members of her college class.
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In the absence of adequate opportunities to learn, students have difficulty
meeting the increasingly higher standards to qualify for college entrance, effectively
denying them their right to enjoy a successful future. The outdated industrial model
where students simply memorized vast amounts of information is no longer effective in
our ever-changing environment. Technological advances are constantly changing
everything we do in our everyday lives and our students must be able to solve problems,
locate necessary resources, and quickly process information.
Factors Contributing to Poor Student Performance
During the course of this study we found that educating high school students is
an extremely complex proposition. The following themes were identified as contributing
to poor student performance: (a) low community and school expectations, (b)
ineffective school discipline policies, (c) poor leadership, (d) poor teacher preparation,
and (e) lack of rigorous, standards-based learning experiences.
Community and School Expectations
Low expectations were probably the single most important factor in fostering
mediocre student performance. The stakeholders accepted the status quo and seemed
resigned to follow old patterns whether they worked in the past or not. There was an
almost tangible undercurrent of low expectations. Parents seemed disconnected from the
school and simply accepted poor results from the school and their children. The school
administration and teaching staff performed procedurally, and there was little passion or
impetus to improve student performance. This is not to say the teachers didn’t want the
best possible for their students, they were just accepting o f what was considered the
inevitable. Even students feh that this was the best they deserved.
140

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

For example, when a student was asked what laboratory experiences they had so
far during the year, the student looked incredulous and emphatically stated, “This is
Johnson High! We don’t have all that here!” Her expression indicated that it was just
ridiculous to expect them to have labs considering where they were. She wasn’t angry
or frustrated about it; it was just the way things were in her life. Unfortunately, this was
a recurring theme and permeated everything from the home to the community.
Johnson High is the product o f a dual education system and the lack of
community interest and support is a serious problem for this district. The small
businesses in the district are usually owned by white, middle class families who either
send their children to private schools, or have relatives who attend the schools. The
meager available resources are tunneled to the private schools, leaving little to
supplement the public schools. Interest and community pride in the school has
progressively waned over the past few years. In essence, due to a lack o f vested interest
in the public schools, the wealthier segment of the population has effectively abandoned
the schools.
School Discipline Policies
The policies implemented to control student behavior did little to improve
student learning. Without exception, in every case, students were removed from
instruction when a rule was broken. Punitive measures for even minor infractions
resulted in students wasting valuable school time and encouraging more misbehavior.
Basically, the punishments prevented the very thing they needed most—the opportunity
to learn. Our journal entries clearly illustrate that classroom behavior was directly
correlated to the engagement o f the students. If students were engaged in meaningful
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activities there were much fewer discipline problems. However, in the absence of
engaged learning, students acted out much more frequently.
Leadership
Effective school models hold the principal accountable for serving as the
instructional leader in the school. The principal has the power and influence to be a
change agent and incorporate intervention strategies to improve student performance.
Empowering teachers, conducting action research, establishing a mentoring program,
and supporting classroom instructional change are effective means of improving morale
and impacting student performance. The necessary supplies and equipment needed to
carry out basic labs and activities must be available if standards-based teaching and
learning is to occur. At Johnson High, few of these attributes are in evidence. The bulk
of Mr. Moore’s time is consumed with reacting to problems and little time is available to
be proactive in developing and implementing a plan to address the specific needs o f the
students and faculty.
Teacher Preparation
Recent studies have shown that there is a direct correlation between the quality
of instruction and student performance (National Commission on Mathematics and
Science Teaching for the 21* Century, 2000). During the entire five weeks of
observations in Ms. Ford’s classroom there were very few teaching practices that could
be considered meaningful or productive. The classroom was essentially bereft of rich
learning experiences. Students usually read the material aloud and answered the
questions in the textbook. While they participated in limited whole class discussions
occasionally, the lack of knowledge-building and scaffolding experiences severely
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hampered their learning. Classroom management techniques that complement standardsbased teaching and learning and enhance learning were absent. Clearly, Ms. Ford’s preservice experiences did not prepare her to be an effective teacher. The lack of on-site
mentoring and just having a buddy to help negotiate the school policies and procedures
exacerbated the problem. Preparing teachers from the onset of their preservice
experiences is an important first step. Traditional schooling practices have already been
ingrained and it takes a concerted effort to change those patterns. In my work as a
liaison to foster change in schools and universities, I have found university faculty at the
undergraduate levels to be the most resistant to change. Like many of their counterpart
educators, they may espouse that constructivist teaching and learning is best, but in
actual practice in their own classrooms, they tend to revert back to their comfortable,
traditional methods.
To appreciate constructivist teaching and learning, an individual must experience
learning within that context and have continued support throughout the change process.
As Riley, et al. (1993) stated, change is slow and incremental and it will take time to
reform educational practices.
Lack of Rigorous. Standards-Based Teaching and Learning
For the most part, Johnson High teachers still practice traditional, direct transfer
of knowledge to the learner teaching strategies in spite of the mandates to change. Out
of the five weeks we were in the classroom, there was never any evidence of moving
toward a less rigid approach to teaching. Evidence gathered during student and teacher
interviews, as well as visits to other teacher’s classrooms corroborate these findings.
However, in Ms. Ford’s classroom, during many o f the days we observed, little teaching
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and learning, traditional or otherwise, was evident. In the absence of rich learning
experiences students will not be able to gain the skills and knowledge to realize their
potential and perform as expected on the new standards-based tests, which will
perpetuate the cycle of poor student performance.
Using Photographs to Assess and Extend Learning
Through this study we found that using photographs as assessment tools is an
effective method to probe student thinking and assess student understanding, while also
providing rich learning experiences. A variety of activities were used to address and
complement individual learning styles. The activities served to probe student thinking,
uncover misconceptions and scaffold learning. We noted that the more practice students
had in engaging in exploring photographs, making observations and inferences, and
writing about the biological concepts depicted in the photographs, the better they
became at communicating information and developing deeper conceptual understanding.
While there were some limitations in impacting students’ understanding of biology, the
study offered students other avenues for exploring their thinking and practicing
metacognition.
Encouraging students to “think about their thinking” was most productive.
During the exit interviews, we discovered that the strategies we used had significantly
impacted the students and is best told in their own words:
1. Can you remember what the statement was that was used when we began our
research in your class? What was it? What do you think about that statement?
Lauren: A picture says a thousand words. It’s true, because when you look at a
picture you see so much and there is so much you can write about.

144

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

2. What have you learned and observed regarding photographs in the time that we
have been doing our research?
Todd: I learned to put my ideas together, inferring, about what a picture is about
and what it is telling me.
Loren: I look at the picture more closely to see what is really there.
Tameka: That you can look at pictures in many different ways and I have learned
to look at a picture with a different perspective.
Sara: Everything has something to do with biology.
3. In what way, if any, do you look at photographs differently now?
Tameka: I look at them now another way like if a picture is describing someone
and their feelings. Before I [would] simply saw it was a beautiful picture.
Todd: Now I take a photograph to be more than just a picture. Now I see I
have an idea about what it is really about.
4. What would you say was the most interesting thing you learn while we were
researching and why?
Loren: When we went outside and wrote on the bones. I liked sharing ideas,
being in a group and seeing what they see, because everybody doesn’t see the
same things, they see different stuff.
Sara: The one we did with the buildings, city and making the posters. I liked
that we had to put together some ideas and think about what it was about.
Everything that I did not know was interesting to me.
5. Can you share any further insight regarding your perception o f our time and
research in your classroom?
Tameka: “I liked the pizza!” (We had a culminating pizza party to celebrate
their hard work!)
Using photographs to interview students may appear to be a time-consuming
process, but in practice it is an effective and efficient model since ft can provide critical
information and immediate feedback. While interviews may require time, they are
invaluable in providing a thorough understanding as to what a student does or does not
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know and understand. We found that if students have difficulty writing and putting
thought into print, little understanding as to what they do or do not know can be gleaned
from their writing, making an interview the most effective means o f probing students’
thinking and understanding.
Having students write their answers in response to questions about a photograph
is another alternative to assessing their understanding, and one we used successfully in
this study. The value of encouraging reading-writing-talking connections in helping
students develop critical thinking skills cannot be over-emphasized. All of the criterionreferenced tests are requiring students to think critically and explain their answers
through writing. To be successful on these rigorous tests, students must be given time
and opportunities to hone their thinking and communication skills.
Implications for Incorporating Image-Based Teaching and Learning in the Classroom
Our everyday lives are filled with images. Very young children recognize the
golden arches of McDonalds years before they are able to read the name. Signs and
other visual cues transcend language barriers and offer important information to travelers
in unfamiliar territories. Often, diagrams accompanying print instructions are much
easier to understand when compared to the text. The advertising industry has marketed
logos and images so effectively they are recognized at a glance. The list of ways our
senses are impacted by images continues to grow.
Because images impact every aspect o f our lives, and technology advancements
in image processing are providing opportunities to access, construct and reproduce
images, learning to be visually literate is important. Thoughtfully incorporating images
in the teaching and learning process enhances student learning and builds lifelong skills.
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The results of our work indicate that it would be helpful for schools to
“encourage shared meaning and teachers serve as middlemen, facilitators, and
negotiators of meaning” (Mintzes, Wandersee & Novak, 2000, p. xx) rather than
information-givers. Providing guidance when appropriate, asking lots of questions that
require students to think about what they are studying or trying to write about, and
providing immediate feedback to students to continually scaffold their learning
throughout the teaming process are key findings in our research. The students’ levels of
understanding and conceptual development of biology were easily discemable once they
began to delve deep into the meaning-laden photographs. Building on Paivio’s theory of
dual-coding, the photographs and 20-Q Model served as excellent devices for providing
a comprehensive method to determine student understanding and uncovering
misconceptions, segueing into appropriate interventions.
Limitations of the Study
Following Yin’s (1994) lead, “case studies, like experiments, are generalizable to
theoretical propositions and not to populations or universes. In a sense, the case study,
like the experiment, does not represent a “sample,” and the investigator’s goal is to
expand and generalize theories.. .and not to enumerate frequencies” (p. 10). While there
are limitations to direct applications of the research findings to a particular population of
students, the investigation served to add to the body o f research and highlight
commonalties found in diverse situations. While many of the classroom observations and
activities could be correlated to prior research, there were several findings that were
unique to using textbook photographs and the 20-Q Model for assessment purposes.
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One overarching limitation to completing the original research plan was the
students’ lack of experiences and content knowledge in biology. Throughout the study,
we had planned to incorporate concept mapping to help students organize their thoughts
and build conceptual understanding. However, we found that unless students had a good
command o f the content, and some experience in putting together coherent thoughts on
paper, it was too much to expect over a limited amount of time. We abandoned concept
mapping after realizing that just having students carefully attend to the photographs and
describe the biological processes they contained was a good first step.
Time was another limitation. Access to the classroom was limited to five weeks.
While that amount of time was sufficient to provide enough evidence for the study, it
would have been best to have been able to continue the interventions and determine how
they would have worked over a longer period of time. The students had just enough
exposure to begin to pull their thoughts together and provide evidence of deeper
understandings. Since we had good rapport with the students, it have been
advantageous to spend additional time with them. Providing additional opportunities for
the students to use self-generated photographs would have also been helpful. In
addition, they would have benefited greatly by receiving more guidance in organizing
their thoughts through concept mapping or other graphic organizer.
Implications for Further Research
The potential for using photographs to assess student understanding and content
knowledge requires further exploration. The findings o f this study indicate that
photographs are excellent prompts to not only explore student conceptual understanding
but also to use as assessment tools for learning. The photographs provide the catalysts
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needed for investigating student responses to complex biological concepts. Using the
wealth of photographs that are available in an average classroom can provide the kinds
o f learning experiences needed to assist students in developing critical thinking skills and
content knowledge. Presently, as this study and other supporting evidence attest, little
attention is being paid to photographs, and potentially valuable learning opportunities are
ignored. The photographs are readily available and inexpensive, removing the barrier o f
access.
Image-based assessments are highly effective in determining students’ conceptual
understanding and offer excellent opportunities for possible inclusion on large-scale state
and national tests. Performance assessments are critical components to current tests,
particularly criterion-referenced tests, however oftentimes they are cost-prohibitive to
implement, or it is impossible to provide exactly the same materials to every child taking
the test. A photograph, coupled with carefully chosen questions from the 20-Q Model,
could provide the mechanism needed for large-scale tests to measure content knowledge
through student performance. The cost o f providing the photographs would be minimal,
and everyone would be assured o f receiving the same information. Piloting such a study
could provide additional evidence concerning images in large-scale performance
assessments. Including this method on a statewide test would encourage the use of
image-based learning strategies in classrooms statewide.
Continued research in using Wandersee’s 20-Q Model is also needed. In this
study, it was a powerful exemplar that helped uncover students’ misconceptions as well
as identify their strengths, weaknesses and conceptual understanding o f important
biological concepts. The open-ended prompts provide student-centered assessments and
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opportunities for learning. Additional research may provide additional compelling
evidence that image-based learning using photographs is a viable, effective instructional
strategy.
The Human Constructivist teaching and learning construct is based on the
premise that prior knowledge is the limiting factor to understanding. The evidence
gleaned from this study illustrates how lack of content knowledge affected the
performance o f the students. They had little exposure to biology other than reading
about it and memorizing some factual information and had difficulty determining the “big
ideas.” The lack o f experiences adversely affected the way they responded to biologyspecific questions. A call for additional research in developing strategies that impact
content knowledge and sequentially build understanding through a variety o f experiences
is needed. In addition, further investigations to identify scaffolding strategies that would
prepare students to share their thinking through graphical representations and develop
metacognitive skills are needed. Thinking about thinking and how we learn can help
students better understand the learning process. Providing strategies to help students
explore their own thinking patterns would be extremely helpful and conducive to
intellectual growth.
It is also imperative that further research be conducted to ascertain instructional
and assessment strategies that not only improve students’ conceptual understandings o f
biology, but also determine effective methods to disseminate those findings and
encourage adoption and implementation. First we need to determine how preservice
teachers can be better prepared to design instructional programs that are meaningful and
effective. This study clearly illustrates the need for pre-service teachers to receive
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adequate guidance in teaching for understanding. Formal university training must
include opportunities that address teaching diverse learners. We must also investigate
how brain-compatible learning strategies can be disseminated and effectively
implemented in classrooms.
As this study suggests images can provide teaching, learning and assessment
strategies that enhance classroom instruction. Understanding visual cognition and its
relationship to learning can be invaluable in making instructional decisions. Including
visual cognition coursework at the pre-service and graduate levels can equip teachers
with the knowledge and skills necessary to implement techniques that incorporate imagebased learning in their classrooms to improve student understanding.
Lack o f teacher content knowledge was another limiting factor in the teacher
being able to facilitate rich, meaningful lessons. Without the content knowledge, it is
difficult to ask questions that scaffold learning and respond appropriately to students’
questions is, at best, superficial One possible suggestion could be to identify qualified
pre-service teachers within their first semester o f undergraduate studies and enroll them
in an education track that delivered the information in much the same way they are
expected to in the classroom. As a liaison to schools and universities, I found that the
institution most resistant to change was universities, and the least receptive area was in
undergraduate studies. Additional research is needed to determine what type of
instruction is needed to produce teachers who know the content and teach effectively.
Gender issues uncovered by this study when deconstructing photographs coukl
be rich fodder for further investigations o f conditioning and male or female expectations.
There were notable differences between the responses in the opening activity. Would the
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findings be the same at grade four? How do gender differences discerned through
photographs effect student performance in high school? Both o f these would be valid
questions to explore.
Rural schools share attributions not found in other locations. Poverty, few
community resources, barriers to travel and access to museums, theaters, etc., limited
options for employment, satisfaction with the status quo and underserved educational
systems all contribute to producing systems that function poorly. As director o f a ruralbased educational program, this study afforded me many opportunities to learn first-hand
how these barriers affect student learning. The relationships built with the students and
teacher have served to ground my work in practical terms. How do we successfully
overcome the barriers educators and students in rural areas face daily? What kinds of
leadership skills and professional development are needed to equip administrators and
teachers with the knowledge and resources to effect change in their schools? Further
research is needed in determining interventions that will help practitioners and students in
these unique areas meet the challenges and overcome the limitations.
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APPENDIX A
APPLICATION FOR EXEMPTION FROM THE IRB
(Institutional Review Board)
Oversight for Studies Conducted in Educational Settings
LSU COLLEGE OF EDUCATION
Title of Study:

Visual Perception and Cognition: Incorporating Photographic Images in
Teaching, Learning and Assessment in High School Biology

Principal Investigator:

Brenda Nixon

Faculty Supervisor

Jim Wandersee, Ph.D.

Dates of proposed project period: From April 2,2001 To

May 30,2001
YES NO

ITEM
This study will be conducted in an established or commonly accepted
1.
educational setting (schools, universities, summer programs, etc.)
2.
This study will involve children under the age of 18.

X

3.

X

4.
5.

This study will involve educational practices such as instructional strategies or
comparison among educational techniques, curricula, or classroom
management strategies.
This study will involve educational testing (cognitive, diagnostic, aptitude,
achievement).
This study will use data, documents, or records that existed prior to the study.

X

X

6.

X

This study will use surveys or interviews concerning content that not related
X
to instructional practices.
7.
This study will involve procedures other than those described in numbers
X
3,4,5 or 6. If yes, describe:
X
8.
This study will deal with sensitive aspects of subjects’ and/or subjects’
families’ lives, such as sexual behavior or use of alcohol or other drugs.
9.
Data will be recorded so that the subjects cannot be identified by anyone other
X
than the researcher.
Informed consent of subject 18 and older, and/or of the parents/guardian of
X
10.
minor children, will be obtained.
11.
Assent of minors (under age 18) will be obtained. (Answer if #2 above is
X
YES)
Approval for this study will be obtained from the appropriate authority in the
X
12.
educational setting.
Attach an abstract of the study and a copy of the consent fbrm(s) to be used. If your answers) to
numbers 6 and/or 7 is(are) YES, attach a copy of any surveys, interview protocols, or other procedures
to be used.
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ASSURANCES
As the principal investigator for the proposed research study, 1 assure that the following
conditions will be met:
1.
2.
3.
4.
5.
6.
7.

The human subjects are volunteers.
Subjects know that they have the freedom to withdraw at any time.
The data collected will not be used for any purpose not approved by the subjects.
The subjects are guaranteed confidentiality.
The subjects will be informed beforehand as to the nature of their activity.
The nature of the activity will not cause any physical or psychological harm to the subjects.
Individual performances will not be disclosed to persons other than those involved in the
research and authorized by the subject
8. If minors are to participate in this research, valid consent will be obtained beforehand from
parents or guardians.
9. All questions will be answered to the satisfaction of the subjects.
10. Volunteers will consent by signature if over the age of 6.
Principal Investigator Statement:
I have read and agree to abide by the standards of the Belmont Report and the
Louisiana State University policy on the use of human subjects. I will advise the
Office of the Dean and the University’s Human Subject Committee in writing of
any significant changes in the procedures detailed above.
Signature______________________________Date___________
Faculty Supervisor Statement (for student research projects):
I have read and agree to abide by the standards of the Belmont Report and the Louisiana State
University policy on the use of human subjects. I will supervise the conduct of the proposed
project in accordance with federal guidelines for Human Protection. I will advise the Office of the
Dean and the University’s Human Subject Committee in writing of any significant changes in the
procedures detailed above.
Signature_______________________________ Date__________
Reviewer recommendation:
_______ exemption from IRB oversight (File this signed application in the Dean’s Office.)
expedited review for minimal risk protocol. (Follow IRB regulations and submit 3
copies to the Dean’s Office.)
full review. (Follow IRB regulations and submit 13 copes to the Dean’s Office.)

Name o f Authorized Reviewer (Print)

Signature

Date
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APPENDIX B
CONSENT FORMS
Student Consent Form
WAYS OF INCORPORATING PHOTOGRAPHIC IMAGES IN LEARNING AND ASSESSING HIGH
SCHOOL BIOLOGY: A STUDY OF VISUAL PERCEPTION AND VISUAL COGNITION________
Principal Investigator:

Brenda Nixon
Faculty Advisor:
188S Wooddale Blvd.
Baton Rouge, LA 70806
225-922-0689 225-261-8299

Dr. Jim Wandersee
Louisiana State University

Purpose of the Research
The purpose of this study is to investigate how students can use photographic images to help them
develop a greater understanding of biology concepts.
Procedures for the Research
This project will take place over a 5-week period during April and May, 2001. You will continue with
your regularly scheduled Biology class, but in addition to what is normally covered, you will participate
in activities that focus on photographic images contained in your Biology textbook. You will describe
the biological processes that are taking place in the photographic images to help you understand the
science content you are learning. You will be given opportunities to locate additional photographic
images that relate to your current topic of study, to use cameras to record your own photographic
images, and subsequently share what you have learned with your classmates. The Principal Investigator
will conduct observations and interviews to determine how you respond to closely examining
photographic images, and how your participation in the activities affects the way you learn new
information.
Potential Risks
There are no risks involved in this study. It is strictly for educational purposes only. If you have any
questions or concerns about your participation in this study, please feel free to contact Brenda Nixon.
Potential Benefits
Biology textbooks contain many photographic images that can be used to help you refine your thinking
and understanding about a difficult topic, but they are frequently underutilized. Photographic images
offer a wealth of information, and can help you develop critical thinking skills and encourage further
investigations. Participation in this study will assist you in becoming more aware of the value of
photographic images in the learning process, help you discover how your experiences and surroundings
contribute to your learning, and provide strategies that you can use when taking tests. In addition to
developing a greater understanding ofbiology concepts, you will use reading and writing skills
throughout the study, and be able to transfer your learning to other subject areas.
Alternative Procedures

Your participation in this study is entirely voluntary and you may withdraw consent and terminate
participation at any time without consequence.
Protection of Confidentiality
All information collected during this study will be anonymous and confidential. You will be treated
equitably, and identifying information will be removed from collected assessments, observations and
interviews, and codes will be assigned to protect your identify. During the subsequent reporting
process, no information attributable to you or a specific student will be divulged.
Your participation will be greatly appreciated. Feel free to contact the Brenda Nixon if you have any
questions. Please sign and return this consent form if you agree to participate in this study.
I have been fully informed ofthe above-described procedure with its possible benefits and risks and I
give my permission to participate.
Signature__________________________ Date____________
165

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Parent/Guardian Consent Forms
WAYS OF INCORPORATING PHOTOGRAPHIC IMAGES IN LEARNING AND ASSESSING HIGH
SCHOOL BIOLOGY: A STUDY OF VISUAL PERCEPTION AND VISUAL COGNITION
Principal Investigator:

Brenda Nixon
Faculty Advisor:
I88S Wooddale Blvd.
Baton Rouge, LA 70806
225-922-0689 225-261-8299

Dr. Jim Wandersee
Louisiana State University
225-578-2348

Purpose of the Research
The purpose of this study is to investigate how students can use photographic images to help them
develop a greater understanding of biology concepts.
Procedures for the Research
This project will take place over a 6-week period during April and May, 2001. Students will continue
with their regularly scheduled Biology class, but in addition to what is normally covered, they will
participate in activities that focus on photographic images contained in their Biology textbooks. They
will describe the biological processes that are taking place in the photographic images to help them
understand the science content they are learning. Students will be given opportunities to locate
additional photographic images that relate to their current topic of study, to use cameras to record their
own photographic images, and subsequently share what they have learned with their classmates. The
Principal Investigator will conduct observations and interviews to determine how students respond to
closely examining photographic images, and how their participation in the activities affects their
learning.
Potential Risks
There are no risks involved in this study. It is strictly for educational purposes only. If you have any
questions or concerns about your son or daughter participating in this study, please feel free to contact
the Principal Investigator.
Potential Benefits
Biology textbooks contain many photographic images that can be used to help students refine their
thinking and understanding about a difficult topic, but they are frequently underutilized. Photographic
images offer a wealth of information, and can help students develop critical thinking skills and
encourage further investigations. Participation in this study will assist students in becoming more aware
of the value of photographic images in the teaming process, help them discover how their experiences
and surroundings contribute to their learning and provide strategies they can use when taking tests. In
addition to developing a greater understanding ofbiology concepts, students will use reading and
writing skills throughout the study, and be able to transfer their teaming to other subject areas.
Alternative Procedures
Your child’s participation is entirely voluntary and you may withdraw consent and terminate
participation at any time without consequence.
Protection of Confidentiality
All information collected during this study will be anonymous and confidential. All students will be
treated equitably, and identifying information will be removed from collected assessments, observations
and interviews, and codes will be assigned to protect students’ identities. During the subsequent
reporting process, no information attributable to a specific student will be divulged.
Your child’s participation will be greatly appreciated. Please feel free to contact the Brenda Nixon if
you have any questions. Please sign and return this consent form if you agree to allowing your child to
participate.
I have been fully informed of the above-described procedure with its possible benefits and risks and I
give my permission for my child to participate.
Signature

Date
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APPENDIX C
STUDENT INTERVIEW PROTOCOL
1) Tell me about your experiences at school.
a) How long have you attended this school?
b) Where did you go to school in elementary/middle school?
c) What is your favorite subject?
d) Do you look forward to coming to school?
2) Please describe a typical Biology class.
a) What do you usually do in class?
b) How does it compare to your other classes?
c) Do you ever work with a partner? How often?
d) Do you use a science laboratory?
e) Do you ever use graphs, diagrams, concept maps or photographic images in
class?
f) Do you ever use graphs, diagrams, concept maps or photographic images to
present information, or study for a test?
g) What kinds o f investigations have you conducted? Short-term? Long-term?
h) Do you enjoy your Biology class?
3) How do you feel about the new state testing program?
a) Has it helped you in any way?
b) Did you feel you were prepared to answer the questions on the test?
4) Please describe the tests you take in class.
a) How often are you tested? Daily/Weekly/End o f unit
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b) What kinds o f questions are usually on your tests?
c) Do you ever get an opportunity to share what you have learned to others in your
class?
5) Do you have any questions or comments you would like to share?
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APPENDIX D
TEACHER INTERVIEW PROTOCOL
Please describe your teaching background.
a) Degree(s)
b) Total number o f years teaching
c) Number o f years teaching current subject/location
2) Please describe the conditions under which you work.
3) How do you feel about the current Accountability System?
a) Has it proven helpful to you in focusing on student learning?
b) Do you believe it provides incentives to help you as a teacher perform?
c) Has it changed your practices? Student practices? School practices?
d) How have your students responded to the new testing procedures?
4) How would you characterize your classroom teaching?
a) Do you use the Louisiana Science Framework?
b) Please describe what you would consider a “typical” lesson.
c) Do you incorporate standards-based teaching and learning practices in your
classroom?
d) Where would you place your teaching style on a scale where one is Traditional
and ten is Non-traditional?
5) Please describe your classroom testing procedures.
a) How frequently do you formally/informally test your students?
b) Are your assessment activities/questions aligned with the Louisiana Teachers’
Guide to Statewide Science Assessment?
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c) Do you use pre/formative assessment procedures? How are these used?
d) Please describe the kinds o f questions that might be included on a “typical” end
o f the unit test.
6) What experiences have you had using pictorial representations of information, and do
you incorporate these in your teaching?
7) Do you encourage your students to use these as tools for learning/reviewing
information?
a) Graphs
b) Maps
c) Charts and Tables
d) Photographic Images
e) Diagrams
0 Concept Maps
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APPENDIX E
WANDERSEE’S 20-Q MODEL OF IMAGE-BASED
BIOLOGY TEST ITEM DESIGN
Question

Code Words

1. Describe this event biologically...

describe event

2. Give the function(s) of this/these structured)...

give functional

3.

Provide the next step in this process...

give next step

4.

How else could this event be explained biologically...

give alternative explanation

5.

Predict what will happen next...

predict results

6.

What evidence do you see that suggests...

tell what evidence suggests

7.

What is the limiting factor in this process...

give limiting factors)

8.

What biological principle is operating here...

specify principle operating

9.

If we didn’t have or couldn’t use...what could we use instead...

suggest could use—instead of

10. What is the connection between...

give connection between

U. In the past, how was this event explained by scientists...

supply past scientific explanation

12. On what basis do you suspect this organism is a ...

give connection between

13. Biologically, this organism is most closely related to...

what most closely related to

14. How would you do about measuring...

tell how you’d measure

13. Make a biological estimation how long it would take for...

make time estimates

16. What is the concept a biologist would use here to...

suggest valid concept

17. Ask an important biological question about this photograph...

ask important question

18. What would a ...graph of this event look like...

sketch graph of event

19. Design a device to monitor an important variable in this environment... design monitoring device
20. Apply what you read in your last assignment to this photo...

apply reading to photo

Scaring rubric: No relevant biological understanding demonstrated = 0 points; very limited relevant
biological understanding demonstrated = 1 point; partial relevant biological understanding demonstrated
= 2 points; complete relevant biological understanding demonstrated = 3 points. Note: Item score
depends on the number of aspects posted in parentheses on the test item as being necessary for a full 3point rating, (2000, p. 137).
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APPENDIX G
SCALE MASTER II WITH PC INTERFACE® DATA SHEETS
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4.51
89.71
22.52
15.06
34.41
13.73
22.17
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428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470

PHOTOGRAPH

w in n ty

19.38
18.51
10.62
23.29
6.67
22.14

7.88

15.14
21.67
11.43

19.81
9.58
13.67
28.24
25.61
25.08
5.56
5.17
4.58

15.31
31.87
34.01
41.32

23.56
9.17
0.00
13.46
85.65
27.00
7.78
8.67
17.19
8.89
13.31
10.50
28.76
28.32
20.70

38.96
9.69
30.10

12.67
14.36
36.60
31.01
0.00
6.46
8.56
7.40

16.97
16.25

19.38
26.39
10.62
23.29
21.81
22.14
21.67
11.43
19.81
9.58
13.67
28.24
25.61
25.08
5.56
5.17
19.89
31.87
34.01
41.32
23.56
9.17
0.00
13.46
85.65
27.00
7.78
47.63
17.19
18.58
13.31
40.60
28.76
28.32
20.70
12.67
14.36
36.60
31.01
0.00
23.43
24.81
7.40
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PHOTOGRAPH

471
472
473
474
475
476
477
Section 5 Subtotals
%of Total Soaco

5.56
16.26

478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510

im i» w

REPRESENTATION

12.25
15.58
61.67

10.44
7.69
0.00
967.61
5.78%
61.87
64.11
86.17
14.34
12.25
47.22
23.33
8.67

15.54
142.48
2.63%

789.07
22.10%

7.79
27.79

9.50
20.93
4.95
7.85
12.99
37.13
37.13
29.23
6.88
2.67
2.72
11.81

16.33
41.32
8.13
5.56

5.64
89.00
15.99
12.93
19.28

17.46
7.64
32.37
38.96

17.60
18.72

17.81
31.84
61.67
10.44
7.69
0.00
15.54

61.87
64.11
86.17
14.34
12.25
47.22
23.33
16.46
27.79
9.50
20.93
4.95
7.85
12.99
37.13
37.13
29.23
23.21
2.67
44.04
11.81
8.13
5.56
5.64
89.00
15.99
12.93
36.74
7.64
32.37
38.96
17.60
18.72
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PHOTOGRAPH

511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553

12.90

DIAGRAM

8.89
32.65
18.98
27.61
5.21
8.25

17.12
11.81
2.26

10.33
20.79
15.67
25.49
14.05
29.68
7.79
24.50
0.00
8.18
0.00
6.78
89.50
8.12
20.03
12.75
13.09
14.06
15.21
5.04

7.78
14.06

6.88

11.82
20.20

31.06
9.85
33.71
6.25
3.02
6.25
26.72
18.25
13.43
21.72
6.33
14.96

19.86

15.31
42.24

12.90
8.89
32.65
18.98
27.61
22.33
8.25
11.81
2.26
10.33
20.79
15.67
25.49
14.05
29.68
7.79
24.50
0.00
8.18
0.00
6.78
89.50
8.12
20.03
20.53
27.15
14.06
15.21
23.74
20.20
31.06
9.85
33.71
6.25
3.02
26.11
26.72
18.25
13.43
21.72
6.33
30.27
42.24
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PHOTOGRAPH

554
555
556
557
558
559
560
561
562
563
564
565
566
567
568

7.33
8.75

CAA

570
571
572
573
574
575
576
577
578
579
Section • Subtotals
%of Total Space
580
581
582
583
584
585
586
587
588
589
590
591
592
593

DIAGRAM

REPRESENTATION

TOTAL

7.33
8.75
0 .0 0

7.12
88.18
13.85
19.53
18.95
14.92
19.42
8.96
7.97
8.61
4.02
24.09
7.78
6.75
24.66
5.84

5.44

21.33

44.44

2.26
8.75
14.40
19.44
4.33
6.33
0 .0 0

1.473.79
8.63%

0 .0 0

358.37
6.61%

64.84
61.65
89.83
26.06
7.29
8.12
17.32
16.63
19.11
10.03

291.99
8.18%

4.08

37.47
30.42
26.58
23.34

7.12
88.18
13.85
19.53
18.95
14.92
24.86
8.96
7.97
8.61
25.35
24.09
7.78
51.19
24.66
5.84
2.26
8.75
14.40
19.44
4.33
6.33

64.84
61.65
89.83
26.06
11.37
8.12
17.32
16.63
19.11
10.03
37.47
30.42
26.58
23.34
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504
505
506
507
508
500
600
601
602
603
604
605
606
607
608
600
610
611
612
613
614
615
616
617
618
610
620
621
622
623
624
625
626
627
628
620
630
631
632
633
634
635
636

15.84
24.71
16.87
7.05
6.32
0.30
11.91
6.60
5.28

nungm

REPRESENTATION

51.96

10.83
88.84
18.75
10.07
17.94
16.89
27.33
16.82
6.67
11.81
8.83
20.78
13.90
27.90
21.48
28.50
9.33
9.11
6.81
7.47
14.52
25.32
31.43
11.27
8.75
0.00

10.80

40.61

3.30
7.56
33.33

8.97
83.71
22.67
23.16
32.15
14.98
38.41
14.13

TOTAL

15.84
24.71
16.87
59.01
6.32
9.39
11.91
6.60
5.28
10.83
88.84
18.75
10.07
28.83
16.89
27.33
16.82
47.28
11.81
8.83
20.78
13.99
27.99
21.48
28.50
12.63
16.67
40.14
7.47
14.52
25.32
31.43
11.27
8.75
0.00
8.97
83.71
22.67
23.16
32.15
14.98
38.41
14.13
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637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679

21.67
15.17
8.34

"nmnn

24.21
39.55

11.48
25.21
24.44

5.83
15.11

21.50
22.46
0.00
20.45
5.17
14.58
9.40

33.06

8.02
6.86
89.17
18.09
9.11
24.96
5.65
9.69
8.86
28.53
18.21

24.50
4.95

5.50
24.21
25.09
8.02
15.04
16.02
8.66
22.78
16.58
21.93
11.96
16.47
15.50
18.39
19.69
8.26

17.12

20.33
11.38

21.67
15.17
32.55
39.55
11.48
25.21
30.27
15.11
21.50
22.46
0.00
20.45
38.23
14.58
9.40
8.02
6.86
89.17
18.09
9.11
24.96
30.15
9.69
13.81
28.53
18.21
5.50
24.21
25.09
8.02
15.04
16.02
8.66
22.78
33.70
21.93
11.96
16.47
20.33
26.88
18.39
19.69
8.26
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680
681
682
683
684
685
686
687
Section 7 Subtotals
%of Total Space

0.00

688
689
690
691
692
693
694
fiAC
093
696
697
090
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719

DIAGRAM

0.00
7.58
31.46
35.84
33.17
38.21
32.11
41.07

7.58
31.46
35.84
33.17
38.21
32.11
41.07
1.982.18
11.48%

231.28
4.27%

59.75
18.46
88.16
23.76
20.30
30.36
9.33
7.32
14.17
13.36

307.24
8.61%

12.40
13.29

14.58
9.93
6.38

7.75
7.04
23.10
17.61
18.48

4.49
6.24
14.42
6.89
20.77

6.37
9.63
33.23
7.92
8.46

3.08
5.90
91.71
12.25
16.74
10.56
17.95
4.58
9.38
6.65

25.33
35.00
5.11
47.83

59.75
18.46
88.16
23.76
20.30
30.36
21.73
20.61
14.17
13.36
14.58
17.68
13.42
23.10
22.10
24.72
14.42
13.26
30.40
33.23
7.92
8.46
3.08
5.90
91.71
12.25
16.74
35.89
17.95
39.58
14.49
54.48
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720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762

PHOTOGRAPH

DIAGRAM

7.50
15.77
22.44
25.86
26.97

37.85

HffiFREBmmSTKM
18.69

10.63

28.33
21.79
4.75
14.90
7.04
20.91
4.60
19.76
18.37
9.11
11.67
0.00

30.08
16.21

20.90

12.75
86.75
22.68
10.54
38.79

7.51

10.00
24.38

11.09
23.63
17.87
18.28
32.85
18.96
15.58
7.29
18.64
10.56
8.06
11.81
8.81
12.15

40.10

16.36
90.49
14.90
7.12

1.44

TOTAL

18.60
45.35
15.77
33.07
25.86
26.97
28.33
21.79
34.83
16.21
14.90
7.04
20.91
25.50
19.76
18.37
9.11
11.67
0.00
20.26
86.75
22.68
20.54
38.79
24.38
11.09
23.63
17.87
18.28
32.85
18.96
15.58
47.39
18.64
10.56
8.06
11.81
8.81
12.15
17.80
90.49
14.90
7.12
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n u n n ty

763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
796
799
800
801
802
803
804
805

18.78
16.86

8.00
21.33

7.29
25.12
4.38
11.10
8.66
38.22
19.75
15.66
7.64
9.92
21.41
21.98
6.75
17.42
7.40

16.11

21.80
22.52
7.79

8.46
9.76
8.94
84.21
20.01
8.36
22.43
15.04
7.78

18.94
30.71
8.25
32.92

9.17
21.74
13.14
6.32
11.95
7.40
14.52
7.69
9.37
6.83
6.77

7.67

21.00

6.12

26.78
16.86
21.33
7.29
25.12
4.38
11.10
8.66
38.22
19.75
31.77
7.64
9.92
21.41
21.98
6.75
17.42
29.20
22.52
7.79
8.46
9.76
8.94
84.21
20.01
8.36
22.43
33.98
38.49
8.25
32.92
9.17
21.74
13.14
13.99
11.95
7.40
14.52
28.69
9.37
6.83
6.77
6.12

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

PAGE

PHOTOGRAPH

H A W A II

Section 8 Subtotals
%of Total Space

1,756.01
10.28%

238.73
440%

806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845

53.67
63.82
88.85
21.25
10.89
13.15
11.08
8.44
25.44

606.19
16.96%

6.33
14.17
16.71
12.44

8.33
16.52

40.10
53.22
23.11

9.11
37.95
5.59
6.00
15.46
5.33
16.33
7.31
28.53
35.51

27.78

46.58

23.30
9.11
8.40
10.22
85.25
24.80
7.50
14.91
16.05
19.94
20.96
10.77
19.38
17.69

11.78

14.00
53.89

9.90

53.67
63.82
88.85
21.25
10.89
19.48
25.25
25.15
25.44
12.44
48.43
16.52
53.22
23.11
9.11
37.95
33.37
6.00
15.46
5.33
16.33
53.89
28.53
35.51
23.30
9.11
8.40
10.22
85.25
24.80
7.50
14.91
16.05
19.94
32.74
10.77
19.38
31.69
53.89
9.90
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846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888

7.69
14.15
6.97
9.58

DIAGRAM

REPRESENTATION

TOTAL

9.90
2.72

17.59
16.87
6.97
52.92
11.39
10.44
38.73
27.83
21.76
55.30
58.53
64.90
11.23
7.04
8.89
8.44
37.48
38.96
46.85
38.92
37.61
27.59
87.19
15.23
14.39
23.64
22.61
22.86
23.47
30.71
11.41
11.46
17.64
50.10
55.81
12.48
16.43
7.69
29.00
20.31
21.81
45.01
39.14

43.34
11.39

10.44
38.73
27.83
1.87
7.50

19.89
47.80
58.53
64.90
11.23

7.04
8.89
8.44
37.48
38.96
46.85
38.92
25.47
10.39
87.19
15.23
7.97
23.64

12.14
17.20

6.42
7.44

22.86
16.26
30.71
11.41
11.46
17.64
12.24

15.17
7.21

37.86
55.81
12.48

16.43
7.69
29.00
20.31
21.81
45.01
39.14
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888
880
881
882
883
884
885
886
887
888
888
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
Section 9 Subtotals
%of Total Space

31.36
16.73
7.69

1,885.20
11.04%

922
923
924
925
926
927
928

64.39
61.12
86.82
19.93
12.75
18.96
5.54

n u f tP iy

TOTAL

5.54
7.92
85.51
13.72
18.70
15.28
8.26
22.92
11.85
13.19
22.33
15.58
15.61
16.20
13.30
6.75
16.38
8.13
11.18
15.23

11.67

18.22

15.58

28.58
14.64
36.50
54.18
40.12
24.68
7.12
9.72
0.00

10.56

10.56
360.81
6.66%

17.60

31.36
18.73
7.69
5.54
7.92
85.51
13.72
18.70
15.28
8.26
22.92
11.85
24.86
22.33
15.58
33.83
16.20
13.30
22.33
16.38
8.13
11.18
15.23
28.58
14.64
36.50
54.18
40.12
35.24
7.12
9.72
0.00
10.56

766.96
21.48%
64.39
61.12
86.82
19.93
12.75
18.96
23.14
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929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971

11.93
10.89

DIAGRAM

8.68
16.92

8.18

8.62
68.25
8.44
6.72
3.87
19.12
21.59
5.78
12.08
18.34

28.69
5.84

14.24

45.13
16.81
17.67
30.11
15.13
12.50
3.33
10.82
83.96
15.11
8.26
5.00

14.87
19.25
22.12
19.80
17.67

8.56
3.82
8.51

14.72
23.26

9.56
28.12
22.17

7.79
6.39
35.42
50.76
9.00

10.54
2.00
8.47
10.75

11.93
27.75
16.92
8.62
68.25
8.44
35.41
9.71
19.12
21.59
20.02
12.08
18.34
45.13
16.81
17.67
30.11
15.13
12.50
3.33
10.82
83.96
15.11
23.13
19.25
27.12
19.80
17.67
8.56
18.54
8.51
23.26
9.56
28.12
29.96
6.39
35.42
50.76
9.00
10.54
2.00
8.47
10.75
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972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
A
AA
990
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014

PHOTOGRAPH

DIAGRAM

REPRESENTATION

5.56
8.14
84.44
11.31
9.25
35.65
5.24
0.00
8.48
5.33
18.20
6.65
7.51
6.32
7.92
7.59

8.19
3.83
16.96
32.27
6.22
29.72
18.99

26.26
28.04
10.38
10.79
3.12

11.56
24.56
13.00
10.15

7.47
10.83
12.61
84.33
20.31
11.82

22.19
39.72
26.56
29.36
19.83
32.25
23.22

16.47
6.89

7.53

17.56
9.72
21.39
31.22

TOTAL

5.56
6.14
84.44
11.31
9.25
35.65
5.24
0.00
8.48
5.33
24.39
10.48
24.47
32.27
12.54
7.92
37.31
18.99
26.26
28.04
10.38
22.35
24.56
16.12
10.15
7.47
10.83
12.61
84.33
20.31
34.01
39.72
26.56
29.36
19.83
32.25
23.22
16.47
17.56
16.61
21.39
31.22
7.53
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1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057

14.90

DIAGRAM

REPRESENTATION

14.78
15.57
11.92
5.33
8.44
11.42
9.47
24.61
17.69
13.61
14.17
7.69
0.00

8.13
17.77
32.11
82.78
21.98

12.35
30.16
40.03
23.16
20.42
8.46

10.97

7.19
40.47
12.15
24.54
14.51
25.94
39.19
32.50
15.56
16.07
8.83
11.10
11.67
11.65
16.56
14.13
7.58
13.33
5.17

25.40
16.67
12.33

13.13
19.26

TOTAL

14.90
14.78
15.57
11.92
5.33
8.44
11.42
9.47
24.61
17.69
13.61
14.17
7.69
0.00
12.35
30.16
40.03
23.16
28.55
37.20
32.11
82.78
21.98
7.19
40.47
12.15
24.54
14.51
25.94
39.19
32.50
15.56
16.07
8.83
25.40
27.77
11.67
23.98
16.56
14.13
20.71
13.33
24.43
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EXAMPLES OF INDIVIDUAL STUDENT WORK
NEW YORK CITY
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Score: 0 out of 3 points
No relevant biological understanding demonstrated.
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Score: 1 out o f 3 points
Very limited relevant biological understanding demonstrated. Only mentions increase
and decrease in population.
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Score: 1 out o f 3 points
Very limited relevant biological understanding demonstrated. Mentions adaptations and
vehicle emissions as a result of population.
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Score: 2 out o f 3 points
Partial relevant biological understanding demonstrated. Mentions large population,
different types o f people, habitat, links large population to greater amounts o f pollution
and trash.
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